Regulation of Tuberin in Cell Fate Acquisition within Developing Neural Tissues by Davis, Gordon Omar
University of Windsor
Scholarship at UWindsor
Electronic Theses and Dissertations
2012
Regulation of Tuberin in Cell Fate Acquisition
within Developing Neural Tissues
Gordon Omar Davis
University of Windsor
Follow this and additional works at: http://scholar.uwindsor.ca/etd
This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor students from 1954 forward. These
documents are made available for personal study and research purposes only, in accordance with the Canadian Copyright Act and the Creative
Commons license—CC BY-NC-ND (Attribution, Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the
copyright holder (original author), cannot be used for any commercial purposes, and may not be altered. Any other use would require the permission of
the copyright holder. Students may inquire about withdrawing their dissertation and/or thesis from this database. For additional inquiries, please
contact the repository administrator via email (scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208.
Recommended Citation
Davis, Gordon Omar, "Regulation of Tuberin in Cell Fate Acquisition within Developing Neural Tissues" (2012). Electronic Theses and
Dissertations. Paper 5424.
Regulation of Tuberin in Cell Fate Acquisition within Developing Neural Tissues 
!
!
!
!
!
"#!
$%&'%(!)*+&!,+-./!
!
!
!
!
!
0!123/./!
456*.773'!7%!723!8+95:7#!%;!$&+'5+73!475'.3/!
72&%5<2!723!,3=+&7*3(7!%;!".%:%<.9+:!49.3(93/!
>(!?+&7.+:!85:;.:*3(7!%;!723!@3A5.&3*3(7/!;%&!!
723!,3<&33!%;!B+/73&!%;!49.3(93!+7!723!!
C(.-3&/.7#!%;!D.('/%&!
!
!
!
!
!
D.('/%&E!)(7+&.%E!F+(+'+!
GHII!
J!GHII!$%&'%(!,+-./!
!
!
!
!"#$%&'()*+),+-$."/(*+(*+0"%%+1&'"+234$(5('()*+6('7(*+8"9"%):(*#+;"$/&%+-(55$"5!
+
.<+
+
=)/>)*+?@&/+8&9(5+
+
+
+
+
+
+
+
2AA!?BC8+DEF+
+
+
+
+
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG+
8/H+A&*&<()'(5+?H+B&3/&'5(5+
D()37"@(5'/<+
+
+
+
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG+
8/H+2*>/"6+I6&*+
D()%)#(3&%+I3("*3"5+
+
+
+
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG+
8/H+J(5&+2H+A)/'"/K+2>9(5)/+
D()%)#(3&%+I3("*3"5+
+
+
+
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG+
8/H+C%(L&."'7+1(>&%#)+>&+I(%9&K+2>9(5)/+
D()%)#(3&%+I3("*3"5+
+
+
+
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG+
8/H+?%(9"/+J)9"K+07&(/+),+8","*5"+
D()%)#(3&%+I3("*3"5+
+
+
+
?3')."/+MNK+OPMM+
!!!"
"
 
ƵƚŚŽƌ͛ƐĞĐůĂƌĂƚŝŽŶŽĨKƌŝŐŝŶĂůŝƚǇ!
!
#"$%&%'(")%&*!+("*$,*"#",-"*$%"./0%",1*$/&"/+"*$!."*$%.!.",23"*$,*"2/"4,&*"/+"*$!."*$%.!."$,."
'%%2"41'0!.$%3"/&".1'-!**%3"+/&"41'0!),*!/25"
"
#")%&*!+("*$,*6"*/"*$%"'%.*"/+"-("72/80%39%6"-("*$%.!."3/%."2/*"!2+&!29%"14/2"ĂŶǇŽŶĞ͛Ɛ
)/4(&!9$*"2/&":!/0,*%",2("4&/4&!%*,&("&!9$*.",23"*$,*",2("!3%,.6"*%)$2!;1%.6";1/*,*!/2.6"/&",2("
/*$%&"-,*%&!,0"+&/-"*$%"8/&7"/+"/*$%&"4%/40%"!2)013%3"!2"-("*$%.!.6"41'0!.$%3"/&"/*$%&8!.%6",&%"
+100(",)72/80%39%3"!2",))/&3,2)%"8!*$"*$%".*,23,&3"&%+%&%2)!29"4&,)*!)%.5"<1&*$%&-/&%6"*/"*$%"
%=*%2*"*$,*"#"$,:%"!2)013%3")/4(&!9$*%3"-,*%&!,0"*$,*".1&4,..%."*$%"'/123."/+"+,!&"3%,0!29"8!*$!2"
*$%"-%,2!29"/+"*$%">,2,3,">/4(&!9$*"?)*6"#")%&*!+("*$,*"#"$,:%"/'*,!2%3","8&!**%2"4%&-!..!/2"
+&/-"*$%")/4(&!9$*"/82%&@.A"*/"!2)013%".1)$"-,*%&!,0@.A"!2"-("*$%.!.",23"$,:%"!2)013%3")/4!%."/+"
.1)$")/4(&!9$*")0%,&,2)%."*/"-(",44%23!=5"
"
#"3%)0,&%"*$,*"*$!."!.","*&1%")/4("/+"-("*$%.!.6"!2)013!29",2("+!2,0"&%:!.!/2.6",.",44&/:%3"
'("-("*$%.!.")/--!**%%",23"*$%"B&,31,*%"C*13!%."/++!)%6",23"*$,*"*$!."*$%.!."$,."2/*"'%%2"
.1'-!**%3"+/&","$!9$%&"3%9&%%"*/",2("/*$%&"D2!:%&.!*("/&"#2.*!*1*!/25"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
!"#
#
#
!"#$%&'$(
$%&!'!(!)%#)*#+!,*-./01(!)%#)2#(&-#(/+)/*#,/33*-,,)*#3*)(-!%#4/'-*!%#!,#5%)6%#()#71/,-#
(&-#'-%!.%#(/+)/*#8!,)*8-*#4/'-*)/,#970-*),!,:#!%")0"!%.#8-"-0)3+-%(10#8-2-7(,#!%#+1%;#)*.1%#
,;,(-+,#!%70/8!%.#(&-#7-%(*10#%-*")/,#,;,(-+<#=1(1#,/33)*(,#(&1(#133*)3*!1(-#7)%(*)0#)2#4/'-*!%#
0-"-0,#+1;# 301;# 1%# -,,-%(!10# *)0-# !%# (&-# *-./01(!)%# )2# %-/*10# 21(-# 8-7!,!)%,<# # >-%7-:# (&!,#6)*5#
!%"-,(!.1(-,#(&-#*-./01(!)%#)2#4/'-*!%#(&*)/.&#%-/*10#8-"-0)3+-%(#')(&# !"#$!%&':#/,!%.#9>?9@A@#
1%8#BCDDE#%-/*)%10#3*-7/*,)*#7-00,(#1%8# !"#$!$'#/,!%.#+/*!%-#%-/*10# (!,,/-,<#F-#8-+)%,(*1(-#
(&1(# 4/'-*!%# -G3*-,,!)%# 1%8# 17(!"!(;# 1*-# ,!.%!2!71%(0;# 8)6%?*-./01(-8# 8/*!%.# %-/*)%10#
8!22-*-%(!1(!)%# !"#$!%&':# 1%8#8/*!%.#1.!%.# !"#$!$':# !%#1#7-00#1%8# (!,,/-# ,3-7!2!7#+1%%-*<#F-#&1"-#
8-"-0)3-8#())0,#%--8-8#()#188*-,,#(&-#-,,-%(!10!(;#)2#4/'-*!%# !%#%-/*10#8!22-*-%(!1(!)%# !"#$!%&'#
1%8# ()# '-.!%# ()# 8!,,-7(# (&-# +)0-7/01*# 31(&61;,# 122-7(-8<# H%8-*,(1%8!%.# &)6# 4/'-*!%# !,#
*-./01(-8#(&*)/.&#%-/*10#8-"-0)3+-%(#!,#%-7-,,1*;#!%#/%8-*,(1%8!%.#(&-#8-"-0)3+-%(10#8-2-7(,#
1%8#31(&)0).!-,#1,,)7!1(-8#6!(&#4/'-*)/,#970-*),!,<##
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
!"
"
"
!"#$%&'$()"
"
#$"#%$&'"(%$"&)$$*"+,"-."/$0,'0"1,*"#%$&'"(%$"(+22"3$22$("(%',"4"1-"5$,'6"
!"#$%&'()*)*+),-'
./)'0$1)'2&'$'32)'$45'6/),)'2&'78'9:884'
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
!"#
#
#
!"#$%&'()*(+($,-.
# $%&'(%#)*+'*%#%,-%.#/#01-2#&"(-2#23)*4#5'6.#23%#-'1(7%#'&#0+#8,%--"*9-#)*6#-2(%*923:#
# ;%<2.#/#=)*2#2'#23)*4#%!%(+'*%#=3'#3%,>%6#0%#0)4%#"2#23"-#&)(#"*#,"&%:#?+#0'-2#-"*7%(%#
23)*4-#9'#2'#0+#0'23%(#@')*.#&)23%(#A1-2)7%.#-"-2%(#@)-0"*%#)*6#)1*2#?)(23).#&'(#91"6"*9#0%#
23('193#,"&%#)*6#9"!"*9#0%#),,#23%#-1>>'(2#)*6#%*7'1()9%0%*2#/#*%%6%6#2'#7'0>,%2%#23"-#
)73"%!%0%*2:#?+#6%%>%-2#23)*4-#)*6#,'!%#9'#2'#B+6).#&'(#8%"*9#0+#3%)(2.#0+#-1>>'(2#)*6#0+#
-3%,2%(#23('193#23%#,'*9#+%)(-#'&#23"-#C'1(*%+:#B,-'.#0)*+#23)*4-#9'#2'#B0"(.#D"*).#B!).#B(0)*.#
E%)23%(.#F%8).#@%&&#)*6#B30%6#&'(#4%%>"*9#0%#),"!%.#&%6#)*6#"*#9''6#->"("2-.#"*#8'23#23%#3"93#)*6#
,'=#2"0%-:#/#'=%#),,#'&#+'1#)8'!%#0'(%#2ŚĂŶǇŽƵ͛ůů#4*'=#)*6#0'(%#23)*#/#7)*#%!%(#(%>)+:#
# G"*),,+.#/#=)*2#2'#23)*4#23%#>%'>,%#=3'#3%,>%6#0%#%)(*#23"-#6%9(%%#)*6#2)1932#0%#-'#
0173#"*#23%#>('7%--:#G"(-2#'&#),,.#23)*4#+'1#2'#H"-).#&'(#-3)("*9#+'1(#4*'=,%69%#)*6#>)2"%*7%.#"*#
)66"2"'*#2'#+'1(#2"0%.#(%-'1(7%-.#)*6#8%%(.#)-#/#=%*2#0+#IJ#('1*6-#="23#D18%("*:#/#)0#2(1,+#
9()2%&1,#2'#3)!%#8%%*#9"!%*#23"-#'>>'(21*"2+:#D3)*4#+'1#A,"K)8%23.#&'(#9"!"*9#0%#23%#8%*%&"2#'&#
+'1(#-4",,-#)*6#),=)+-#>('!"6"*9#)#7,%)(#)*6#,%!%,#>%(->%72"!%#=3%*#0"*%#=)-#7,'16%6:#D3)*4#+'1#
8'23#&'(#),=)+-#73),,%*9"*9#0%#)*6#>1-3"*9#0%#2'#6'#)*6#,%)(*#0'(%:#D3)*4#+'1#B9*%-:#L'1#
4*'=#%<)72,+#=3+:#D3)*4#+'1#M'('2)#NM'("2'O#)*6#A->)*2)#&'(#8%"*9#2='#'&#23%#-0)(2%-2#,)6"%-#
)*6#8%-2#2%)73%(-#/#7'1,6#3)!%#%!%(#3'>%6#2'#0%%2:#/#'=%#+'1#8'23#-'#0173#)*6#/#>('0"-%#/#
ǁŽŶ͛ƚĂƐŬĞŝƚŚĞƌŽĨǇŽƵĂŶǇŵŽƌĞƋƵĞƐƚŝŽŶƐ͘dŚĂŶŬǇŽƵ:ŝĂŵŝůĂ.#&'(#9"!"*9#0%#>,%*2+#'&#
'>>'(21*"2"ĞƐƚŽƉƌĂĐƚŝĐĞŵǇ͞ŵĂŶ͛ƐƚŽƵĐŚ͟#ĂŶĚĨŽƌďĞŝŶŐĂǁĞƐŽŵĞ͘dŚĂŶŬƐ͞ŝŐ͟DŽĂŶĚ
?)(2"*#&'(#23%#-3)=)(0)#,1*73%-#)*6#&'(#9%*%()2"*9#-'0%#0173#*%%6%6#2%-2'-2%('*%#"*#23%#,)8:#
D3)*4-#2'#͞>ŝƚƚůĞ͟DŽ͕$(%)**%.#P'-).#@)*"7%.#M)!"6.#?"()*6).#;"74.#P%8%77).#M'('23+#)*6#@%**).#
&'(#23%#9''6#2"0%-:#/2#=)-#9(%)2#='(4"*9#="23#+'1:##Q>%7"),#23)*4-#9'#2'R#?),,"4).#&'(#),,#'&#23%#
%6"2"*9#)*6#>(%>)()2"'*#3%,>S#M(:#T%"--.#&'(#),,#+'1(#3%,>#="23#23%#-2)2"-2"7-S#M(-:#Q=)*#)*6#
U)7()2-"-.#&'(#8%"*9#)#9(%)2#7'00"22%%S#)*6#M(:#G)74(%,,.#&'(#23%#9''6#)6!"7%:##BQ#QVWE.#/#="-3.#&'(#
+'1#),,.#%!%(+#-177%--#"*#23%#+%)(-#2'#7'0%:##
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
!""#
#
!"#$%&'(&)'*+%*+,&
ƵƚŚŽƌ͛ƐĞĐůĂƌĂƚŝŽŶŽĨKƌŝŐŝŶĂůŝƚǇ#
-$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$"""#
%&'()*+(#
-$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$"!#
,-."+*("/0#
-$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!#
%+10/23-.45-0('#
-$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!"#
6"'(#/7#8*&3-'#
-$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$9#
6"'(#/7#:"4;)-'#
-$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$9"#
6"'(#/7#%&&)-!"*("/0'#
-$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$9"""#
<=*>(-)#
?@#A0()/.;+("/0#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$?#
#
# # ?B?@##8;&-)/;'#C+3-)/'"'#D8CE@#F*(=/3/4G#H#,"*40/'"'#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$?#
# # ?BI@#J-;)/3/4"+*3#F=-0/(G>-#/7#8C#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$K#
# # ?BK@#8=-#8C#L-0-#:*5"3G@#M"'(/)G#H#L-0-("+'#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$N#
?BO@#8=-#8C<#L-0-#F)/.;+('@#M*5*)("0#H#8;&-)"0#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$P#
?BQ@#8C<#C"40*33"04@#58RS#S-4;3*("/0#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$?T#
?BN@#8C<#C"40*3"04@#<-33#<G+3-#S-4;3*("/0U#,"77-)-0("*("/0#H#:*(-#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$IQ#
?BT@#8C<?#H#8C<I#L-0-#V;(*("/0'@#</0'-W;-0+-'#7/)#8C<#:;0+("/0#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$IT#
?BX@#J-;)/4-0-'"'#*0.#(=-#S-4;3*("/0#/7#J-;)*3#<-33#:*(-#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$IX#
?BP@#V"')-4;3*("/0#/7#8C<#L-0-#:;0+("/0@#Y77-+('#/0#<-33#,"77-)-0("*("/0U##
,-!-3/>5-0(#*0.#:*(-#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$KI#
?B?Z@#MG>/(=-'"'#*0.#R&[-+("!-'#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$KQ#
#
I@#,-'"40#*0.#V-(=/./3/4G#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$KN#
# IB?@#<-33#<;3(;)-#*0.#J-;)/0*3#6"0-*4-#,"77-)-0("*("/0#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$KN#
IBI@#\=/3-#<-33#*0.#<-33;3*)#:)*+("/0#F)/(-"0#Y9()*+("/0#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$KX#
IBK@#A55;0/&3/(("04#
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$OZ#
!"""#
#
$%&'#()*"+,-"./#
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000&1#
$%2'#3.45,/67.5.#8,59:*",)#(//:;#
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000&1#
$%<'#=4:)*"*:*"!.#>.:?0@"9.#A,?;9.5:/.#B7:")#>.:C*",)#DE>@0AB>F#9>3(##
():?;/"/#
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000&$#
$%G'#H(IHJC#3.45:?#@"//4.#KL*5:C*",)##
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000&M#
$%N'#B?,)")O#,P#A?:/9"-#Q3(#B,)/*54C*/#
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000&&#
$%R'#@./*")O#:)-#KL65.//",)#,P#/7>3(#S.C*,5/#
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000&G#
$%1T'#():?;*"C:?#U.*7,-/#
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000021#
#
M'#>./4?*/#:)-#():?;/"/#
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000002M#
M%1'#@4+.5")#.L65.//",)#?.!.?/#:5.#5.O4?:*.-#-45")O#).45,):?#C.??#-"PP.5.)*":*",)#
#0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000002M#
M%$'#@4+.5")#?.!.?/#-,#),*#C7:)O.#/"O)"P"C:)*?;#+:/.-#,)#C.??4?:5#?,C:?"V:*",)#-45")O##
).45,):?#C.??#-"PP.5.)*":*",)#
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000002R#
M%M'#>.O4?:*",)#,P#@WB$#9>3(#?.!.?/#-45")O#).45,):?#-"PP.5.)*":*",)#
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000<&#
M%&'#@WB$#9>3(#?.!.?/#/7,X#:#/?"O7*#!:5":*",)#+.*X..)#6:5*":??;#C,99"**.-#:)-#/*.90#
?"Y.#).45,):?#C.??#6,64?:*",)/#
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000<R#
M%2'#@4+.5")#.L65.//",)#:)-#:C*"!"*;#?.!.?/#5.9:")#5.?:*"!.?;#C,)/"/*.)*#-45")O#?:*.##
.9+5;,)"C#:)-#6,/*0):*:?#-.!.?,69.)*##
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000G2#
M%<'#Q./"O)#:)-#C,)/*54C*",)#,P#/7>3(#6?:/9"-#!.C*,5/#P,5#")#!"*5,#Y),CY-,X)#,P#@WB$#
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000N<#
M%G'#@./*")O#,P#C,)/*54C*.-#@WB$#/7>3(#6?:/9"-#!.C*,5/#
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000R<#
#
&'#Q"/C4//",)##
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000001TT#
&%1'#>.O4?:*",)#,P#@4+.5")#ZCC45/#@75,4O7#*7.#B,45/.#,P#3.45,):?#B.??#Q"PP.5.)*":*",)#")##
!"*5,[# +4*# Q,./# 3,*# (66.:5# *,# Q"5.C*?;# >./4?*# ")# W"O)"P"C:)*# U,-4?:*",)# ,P#
6GTW<\#67,/67,5;?:*",)#
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000001T1#
&%$'#B.??4?:5#I,C:?"V:*",)#,P#@4+.5")#U:;#+.#]96?"C:*.-#")#B.??0W6.C"P"C#Q,X)5.O4?:*",)##
Q45")O#Q"PP.5.)*":*",)%###
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000001T2#
&%M'#@4+.5")#A5,*.")#I.!.?/#Q,#3,*#(66.:5#*,#+.#@5:)/C5"6*",):??;#>.O4?:*.-#Q45")O#*7.##
B,45/.#,P#3.45,):?#Q"PP.5.)*":*",)#
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000001T<#
&%&'#@4+.5")#I.!.?/#:)-#6GTW<\#A7,/67,5;?:*",)#(5.#>.O4?:*.-#X"*7")#W4+0/.*/#,P#3.45:?##
@"//4./#Q45")O#I:*.#K9+5;,)"C#:)-#A,/*):*:?#Q.!.?,69.)*##
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000001TR#
#
!>"
"
c5K\"?/2)01.!/2.",23"=1*1&%"G!&%)*!/2."
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIWWW"
"
L%+%&%2)%."
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIWWc"
^!*,"@1)*/&!."
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIWNg"
"
"
)
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
!"
"
!"#$%&'%()*+,#%
#$ %&'()"#*"+,&-./01,2"34,1)4,&"5/4"%6')4/60"72()4/0,0"
88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888889"
"
:$ %&'()":*";(,-/.62()/1,<)"=4,>)40"5/4"?0)",."@A%8=3A"
88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888B9"
"
9$ %&'()"9*"CDE;F#"G)21/40*"%73:"0HAIJ";(,-/.62()/1,<)"7)@6).2)0"
88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888BK"
"
B$ %&'()"B*"CDL"G)21/4*"%73:"0HAIJ";(,-/.62()/1,<)"7)@6).2)0"
88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888BM"
"
N$ %&'()"N*"=(&0>,<"G)21/40"?0)<",."%4&.05)21,/.OP.5)21,/."%4,&(0"
88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888BQ"
"
"
"
"
"
"
"
"
"
"
"
"
%
!"#
#
!"#$%&'%(")*+,#%
%
$% (")*+,%-.#&'($#)#&'(*#+,-,#./010"2-3#
/44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444$5#
################
*% (")*+,%0.#'67,810"6#9"1:;183<#&/=,;"-#1->#?181;0"-#
/44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444$@#
#
@% (")*+,%1.#&7,#&'(#"-0,:;10,3#"-0;16,AA/A1;#3":-1A"-:#6/,3B#3/67#13#:;2C07#1->#,-,;:D#3":-1A3B#
02#"-EA/,-6,#-/8,;2/3#6,AA/A1;#F;26,33,3#C"07"-#07,#(G'#
/44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444$H#
####
I% (")*+,%2.#J->2:,-2/3#A,K,A3#2E#&/=,;"-#>,82-30;10,#30,1>D#>2C-4;,:/A10"2-#>/;"-:#"->/6,>#
"-#K"0;2#-,/;2-1A#>"EE,;,-0"10"2-#"-#7/81-#'?4'LML#6,AA3B#=/0#-20#"-#;10#NG@@O#6,AA3P#
/44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444MM#
#
M% (")*+,%3.#N,:/A10"2-#2E#&/=,;"-#160"K"0D#A,K,A3#266/;3#>/;"-:#07,#E";30#*I#72/;3#2E#"->/6,>#"-#
K"0;2#-,/;2-1A#>"EE,;,-0"10"2-#"-#7/81-#'?4'LML#6,AA3P#
/44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444MQ#
#
45 (")*+,%4.#N,>/6,># A,K,A3#2E#&/=,;"-#F;20,"-#266/;# "-# 07,#-/6A,1;#628F1;08,-0#2E#'?4'LML#
6,AA3P%
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////R5#
%
65 (")*+,% 6.# &/=,;"-# F;20,"-# A,K,A3# 1;,# /="S/"02/3# "-# 6,AA/A1;# E;160"2-3# 2E# NG@@O# 6,AA3# >/;"-:#
-,/;2-1A#>"EE,;,-0"10"2-P%
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////R*#
%
H% (")*+,%7.#&'(*#8NGT#A,K,A3#1;,#-20#;,:/A10,>#16;233#E/AA#-,/;2-1A#>"EE,;,-0"10"2-#"-#'?4'LML#
6,AA3###
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////RM#
#
U% (")*+,%8.#&'(*#8NGT#A,K,A3#>2#-20#/->,;:2#;,:/A10"2-#>/;"-:#-,/;2-1A#>"EE,;,-0"10"2-#"-#
NG@@O#6,AA3#
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////RQ#
#
$5% (")*+,%-9.#&'(*#8NGT#A,K,A3##E2AA2C#0723,#2E#V60I#"-##-,/;23F7,;,46/A0/;,>#'?4'LML#6,AA3##
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////Q$#
#
$$% (")*+,%--.%&'(*#8NGT#A,K,A3#E2AA2C#0723,#2E#G,30"-#"-#-,/;23F7,;,46/A0/;,>#NG@@O#6,AA3#
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////Q@#
#
$*% (")*+,% -0.# &/=,;"-# A,K,A3# 1-># 160"K"0D# 1;,# ;,>/6,># >/;"-:# F2304-101A# >,K,A2F8,-0# "-# 07,#
7"FF2618F/3##
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////QH#
#
#
!""#
#
$%& !"#$%&' ()*# '()*+",# -*.*-/# 0,1# 023"."34# 0+*# 25,/30,3# 6"37",# 37*# 5-80235+4# )(-)# 1(+",9# -03*#
*:)+45,"2#0,1#;5/3,030-#1*.*-5;:*,3#
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++<=#
#
$>& !"#$%&'(,*# '()*+",# -*.*-/#0,1#023"."34#0+*#()"?("35(/#6"37",# 37*#2*+*)+0-# 25+3*!#1(+",9# -03*#
*:)+45,"2#0,1#;5/3,030-#1*.*-5;:*,3#
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++<@#
#
$A& !"#$%&' (-*# '()*+",# -*.*-/# 0,1# 023"."34# 0+*# +*1(2*1# 1(+",9# ;5/3B,030-# 1*.*-5;:*,3# ",# 37*#
2*+*)*--(:##
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++<>#
#
$C& !"#$%&'(.*#D*/"9,#0,1#2-5,",9#58#/7EFG#.*235+/#85+#H,52H156,#58#+03#'IJ@#",#."3+5#
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++<<#
#
$K& !"#$%&'(/*#D*/"9,#0,1#2-5,",9#58#/7EFG#.*235+/#85+#",#."3+5#H,52H156,#58#7(:0,#'IJ@#
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++L%#
#
$<& !"#$%&'(0*#'*/3",9#0,1#3+5()-*/7553",9#58#;MN#0,1#OMPQR$#'IJ@#/7EFG#;-0/:"1#.*235+/#
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++L<#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
!"""#
#
!"#$%&'%())*+,"-$"&.##
$%#ʹ#$&'()*&+#%,-()*+"+#
$%.#ʹ#$&'()*&+#%,-()*+"+#.*/0-(!#
$%.1#ʹ#$&'()*&+#%,-()*+"+#1#23(4(5#
$%.6#ʹ#$&'()*&+#%,-()*+"+#6#23(4(5#
/$78#ʹ#9://:-":4#$:);(<#*=#8:0:/>,"4#
/$78.1#ʹ#9://:-":4#$:);(<#*=#8:0:/>,"4#.*/0-(!#1#
/$78.6#ʹ#9://:-":4#$:);(<#*=#8:0:/>,"4#.*/0-(!#6#
/8?@#ʹ#9(++(4;()#8?@#
,A?@#ʹ#.*/0-(/(4<:)>#A?@#
%A%BC@3D#ʹ#%*E"&/#A*E(,>-#%&-0F:<(#C*->:,)>-:/"E(#3(-#D-(,<)*0F*)(+"+#
C.8#ʹ#C*->/():+(#.F:"4#8(:,<"*4#
+F8?@#ʹ#%F*)<#G:")0"4#8?@#
$H%#ʹ#$)"+B'&==()(E#%:-"4(#
$H%$#ʹ#$)"+B'&==()(E#%:-"4(#I#$J((4B6K#
9@C6#ʹ#9",)*<&'&-(B:++*,":<(E#C)*<("4#6#
7,<BL#ʹ#7,<:/()B'"4E"4;#$):4+,)"0<"*4#M:,<*)#L#
CH%#ʹ#CF*+0F:<(#H&==()(E#%:-"4(#
$N#ʹ#$):4+=(,<"*4#N4"<+##
#
!"
"
!"#$%&'()(
)*(+,-./012-3/,(
)*)4(%156./17(8296./737(:%8;4($<-=/9/>?(@(A3<>,/737(
#$%&'($)" )*+&'(),)" -#./"01)" 2,')3" 2$++4"5(*$6&73&58" ,7"!99:8"%4" 3;&" <'&7*;"7&$'(+(=,)3"
175" >1&5,13',*,17" ?@),'@AB1=+(,'&" C($'7&D,++&8" 0;(" 5&)*',%&5" 3;&" *(75,3,(7" 1)" 1" 5,)('5&'" (2"
5,)3,7*3,D&" *&'&%'1+" >13;(+(=4" 0;,*;" 01)" *+()&+4" +,7E&5" 3(" ,7*,5&7*&" (2" )&,F$'&)8" 6&731+"
5&2,*,&7*4" 175"GH." 1%7('61+,3,&)" -C($'7&D,++&" !99:I" G$'13(+("J"C(6%1'5,&'," K::L/M" <(++(0,7="
3;&)&" ,7,3,1+"(%)&'D13,(7)8"#$%&'($)".*+&'(),)"-#./"01)" +13&'"*;1'1*3&',F&58"%4"D17"5&'"N(&D&" ,7"
!OLL8" 1)" 1" 6$+3,)4)3&6" >;1E(613(),)8" ,5&73,2,1%+&" %4" 3;&" 0,5&)>'&15" 175" $7>'&5,*31%+&"
5&D&+(>6&73"(2"%&7,=78" 3$6($'A+,E&" +&),(7)8"0;,*;"0($+5" +13&'"%&"E7(07"1)";161'3(61)" -D17"
5&'"N(&D&"!OLLI"P'1QE(0)E1"&3"1+M"K:!:/M" "#(5148"16(7="3;&"0('+50,5&">(>$+13,(78"#."122&*3)"
7&1'+4"!",7"R:::"+,D&"%,'3;)"-H&++,)3"&3"1+M"!OOL/M""
S13;(+(=,*1++48"#.",)"1"5,)('5&'"(2"*&++"6,='13,(78">'(+,2&'13,(7"175"5,22&'&73,13,(7"-G',7("
J" N&7)E&" !OOO/M" N161'3(61)8" 0;,*;" 1'&" %'(15+4" 7(7A6&31)313,*" 175" 7(7A61+,=7173" 2(*1+"
61+2('613,(7)8"%&1'")3'(7="'&)&6%+17*&"3("7&(>+1)6)"175";1D&8",7"*&'31,7"617,2&)313,(7)8"%&&7"
,75,*13&5" 3(">())&))" 3;&">(3&73,1+" 2('"6&31)31),)" -N&7)E&"K::L8"C1'7&)"&3"1+M"K:!:/M" T7(07"3("
+(*1+,F&" 3(" 7$6&'($)" ),3&)" 3;'($=;($3" 3;&" %(548" #." ;161'3(61)" 1'&" *(66(7+4" (%)&'D&5" 3("
5&D&+(>" 0,3;,7" 3;&" %'1,78" ;&1'38" )E,78" +,D&'" 175" E,57&4)M" ?&D&+(>6&73" (2" #." +&),(7)" ;1)" %&&7"
(%)&'D&58"3;'($=;",66$7(;,)3(*;&6,*1+"175"'15,(+(=,*1+")3$548"3("(**$'"1)"&1'+4"1)"!O"0&&E)"(2"
=&)313,(78" ,75,*13,7=" 2('613,(7" (2" #.A'&+13&5" 1%7('61+,3,&)" %&=,7)" 5$',7=" &6%'4(7,*"
5&D&+(>6&73"-U&,"&3"1+M"K::K8"S1'E"&3"1+M"!OOV/M"?$&"3("3;&"'17=&"(2"('=17")4)3&6)"122&*3&58"#."
>'&)&73)" 0,3;" 1" 5,D&')&" >;&7(34>,*" )>&*3'$6M" W+3;($=;" 6()3" ('=17)" 1'&" )$)*&>3,%+&8"
5&'613(+(=,*1+8"'&71+8">$+6(71'4"175"7&$'(+(=,*1+"617,2&)313,(7)"1'&"6()3">'&D1+&73"16(7="#."
>13,&73)"-G$'13(+("&3"1+M"K::9/M"?&'613(+(=,*1+">'&)&7313,(7)"1'&"*(66(7+4"X$,3&"&D,5&73"0,3;,7"
K"
"
3;&" >1&5,13',*" >(>$+13,(7" 175" *17" ,7*+$5&" ;4>(6&+17(3,*"61**$+&)8" 2($75" ,7" (D&'" O:Y" (2" #."
>13,&73)8"175"21*,1+"17=,(2,%'(61)8")&&7",7"VZY"(2">13,&73)M"[3;&'"5&'613(+(=,*1+"1%7('61+,3,&)"
*17",7*+$5&"2,%'($)"2('&;&15">+1X$&)8">&',$7=$1+"2,%'(61)"175");1='&&7">13*;&)M""\&71+"+&=,(7)8"
,7*+$5,7="17=,(64(+,>(61)8"'&71+"*4)3)8"'&71+"*&++"*1'*,7(61)"175"(7*(*43(61)8"*17"(**$'",7"Z:A
9:Y" (2" #." >13,&73)M" ]7" 21*38" 5&)>,3&" %&,7="6()3" *(66(7+4" )&&7" ,7" 15$+3" #." >13,&73)8"6$+3,>+&"
%,+13&'1+" 17=,(64(+,>(61)" '&>'&)&73" 1" +&15,7=" *1$)&" (2" 6('31+,34" 0,3;,7" 3;&" #." >13,&73"
>(>$+13,(78"1*'())"1++"1=&"*13&=(',&)8")&*(751'4"(7+4"3(")>(7317&($)";1&6('';1=&"-.;&>;&'5"&3"
1+M" !OO!/M" <$'3;&'6('&8" '&71+" 17=,(64(+,>(61)" ;1D&" 1+)(" %&&7" ,6>+,*13&5" ,7" 3;&" 6&31)313,*"
6(5&+" (2" #.8" 1)" *&++)" (',=,713,7=" 2'(6" 3;&)&" +&),(7)" 1'&" %&+,&D&5" ,7" )(6&" *1)&)" 3(" )>$'" 3;&"
5&D&+(>6&73" (2" >$+6(71'4" +46>;17=,(+&,(64(613(),)8" 1" 2('6" (2" #." E7(07" 3(" 5&D&+(>"
&^*+$),D&+4" ,7" 2&61+&)" -W)3',7,5,)" 175" N&7)E&" K::Z/M" #;&" 6()3" *(66(7" 617,2&)313,(7" (2"
>$+6(71'4" #." +&),(78" +46>;17=,(+&,(64(613(),)" +&),(7)" ;1D&" %&&7" (%)&'D&5" 3(" 5&6(7)3'13&"
3;&" *1>1*,34" 2('" 6,='13,(78" ,7D1),(7" 175" 6&31)31),)8" 5&)>,3&" %&,7=" 2($75" 3(" %&" ;,)3(+(=,*1++4"
%&7,=7" -N&7)E&"K::L/M"[3;&'" 2'&X$&73+4"(%)&'D&5"*+,7,*1+"617,2&)313,(7)"(2"#." ,7*+$5&_"*1'5,1*"
';1%5(64(61)8" *(66(7+4" )&&7" 3(" 122&*3" Z:AV:Y" (2" ,72173" >13,&73)8" 175" '&3,71+" 1)3'(*43,*"
;161'3(61)8" 0;,*;" 1'&" %&+,&D&5" 3(" 1',)&" 2'(6" =+,1+" >'&*$')(')" 5$',7=" '&3,71+" &6%'4(=&7&),)"
-B&77&+"&3"1+M"K::V/M""
?,1=7(),)" (2" #." '&61,7)" *&73'&5" 1'($75" *+,7,*1+" 1))&))6&738" >',61',+4" 3;'($=;"
;,)3(>13;(+(=,*1+"(%)&'D13,(7M"\&*&73+4"'&D,)&5"5,1=7()3,*"*',3&',1"2('"3;,)"5,)('5&'"7(0"*+1)),24"
#." 617,2&)313,(7)" ,73(" (7&" (2" 30(" *13&=(',&)_" 61Q('" 2&13$'&)" 175" 6,7('" 2&13$'&)" -#1%+&" !8"
G$'13(+(" &3" 1+M8" K::K/M"B1Q('" 2&13$'&)" 1'&" ,75,*13&5" %4" 3;&,'" ;,=;" 5&='&&" (2" )>&*,2,*,34" 2('" #.8"
(**$'',7="X$,3&" 2'&X$&73+4"0,3;,7" 3;&"#.">13,&73">(>$+13,(78"0;,+&"6,7('" 2&13$'&)" );(0"1" +&))"
)>&*,2,*" 1))(*,13,(7" 0,3;" #.M" <$'3;&'6('&8" " %4" *(6>1',)(7" 3(" 61Q('" 2&13$'&)8" 6,7('" 2&13$'&)"
(**$'"0,3;"1"6$*;"+(0&'"2'&X$&7*48"%$3"*17"122&*3"1)"%'(15"1"'17=&"(2"3,))$&)"1)"61Q('"2&13$'&)M"
L"
"
?&2,7,3,D&" 5,1=7(),)" (2" #." ,)" 34>,*1++4" >'&5,*13&5" (7" 3;&" >'&)&7313,(7" (2" 30(" ('" 6('&" 61Q('"
2&13$'&)"('"(7&"61Q('"2&13$'&"175"30("6,7('"2&13$'&)M""W55,3,(71++48"'&*&73"15D17*&)";1D&"+&15"
3(" 17" ,7*'&1),7=" >(>$+1',34" (2" 7&$'(=&7&3,*" 3&)3,7=" 3(" )$>>('3" *+,7,*1+" 5,1=7()&)M" N(0&D&'8"
*+,7,*1+"(%)&'D13,(7"'&61,7)"3;&"5,1=7()3,*")31751'5"-['+(D1"J"G',7("K:!:/M"""
%<596()4(A3<>,/7-32(!.3-6.3<(B/.(%156./17(8296./737(
C<D/.(E6<-1.67( (
!M <1*,1+"17=,(2,%'(61)"('"2('&;&15">+1X$&)"
KM H(7A3'1$613,*"$7=$+1"('">&',$7=$1+"2,%'(61)"
LM N4>(6&+17(3,*"61**$+&)"-L"('"6('&/"
`M .;1='&&7">13*;&)"-*(77&*3,D&"3,))$&"71&D$)/"
ZM B$+3,>+&"'&3,71+"7(5$+1'";161'3(61)"
"
RM G('3,*1+"#$%&')"
VM .$%&>&75461+"7(5$+&)"
9M .$%&>&75461+"=,173"*&++"1)3'(*43(61)"
OM G1'5,1*" ';1%5(64(61)" -),7=+&" ('"
6$+3,>+&/"
!:M a46>;17=,(64(613(),)" 175b('" '&71+"
17=,(64(+,>(61"
C3,/.(E6<-1.67( (
!M B$+3,>+&8" '175(6+4" 5,)3',%$3&5" >,3)" ,7" 5&731+"
&716&+"
KM N161'3(613($)"'&*31+">(+4>)"
LM C(7&"*4)3)"
`M G&'&%'1+"0;,3&"6133&'"'15,1+"6,='13,(7"+,7&)"
ZM P,7=,D1+"2,%'(61)"
RM H(7A'&71+";161'3(61)"
VM \&3,71+"1*;'(6,*">13*;&)"
9M ͚ŽŶĨĞƚƚŝ͛)E,7"+&),(7)"
OM B$+3,>+&"'&71+"*4)3)"
" "
"
)*F4(G61./9/>32<9($=6,/-?H6(/B(%8(
S'&)&73,7=" 0,3;" 3;&" ;,=;&)3" 6('%,5,348" )&*(75" ;,=;&)3" 6('31+,348" %&;,75" '&71+"
617,2&)313,(7)8" 175" 1" *(++&*3,D&" (**$''&7*&" (2" (D&'" 9:Y" ,7" #." 1++" >13,&73)8" 3;&" 7&$'(+(=,*1+"
1%7('61+,3,&)" 1))(*,13&5" 0,3;" #." ;1D&" %&&7" *1++&5" )(6&" (2" 3;&" 6()3" 5&D1)313,7=" 175"
3;&'1>&$3,*1++4" *;1++&7=,7=" 617,2&)313,(7)" (2" 3;&" 5,)('5&'" -B1'*(33&" J" G',7(" K::R/M" S'&)&73"
&D,5&7*&")$==&)3)"#.A1))(*,13&5"+&),(7)8"0;,*;"1>>&1'",7"3;&"*&73'1+"7&'D($)")4)3&68"1',)&"5$&"
3(" 5&D&+(>6&731+" 1%&''13,(7)" 5$',7=" 7&$'(=&7&),)" 175" 7&$'(71+" 6,='13,(7M" ]3" ;1)" %&&7"
(%)&'D&58",7"#.">13,&73)8"3;13"30(">(>$+13,(7)"(2"7&$'(&>,3;&+,1+"*&++)"1'&"34>,*1++4"=&7&'13&5"%4"
3;&"=&'6,71+"613',^"5$',7="7&$'(=&7&),)M"#;&" 2,')3" ,)"1">(>$+13,(7"(2"7&$'(%+1)3)" 3;13">'(5$*&"
7('61+"7&$'(7)"175"1)3'(=+,1"0;,*;"$+3,613&+4"=,D&"',)&"3(";,)3(+(=,*1++4"7('61+"*&'&%'1+"*('3&^M"
`"
"
#;&" )&*(75" ,)" 17"1%7('61+" *&++" >(>$+13,(7"0;,*;">'(5$*&)" *&++)" 3;13"5&6(7)3'13&" 1"5&2&*3" ,7"
*&++$+1'" 5,22&'&73,13,(78" 21,+,7=" 3(" *+&1'+4" &^;,%,3" 3;&" *;1'1*3&',)3,*)" (2" &,3;&'" 7&$'(71+" ('" =+,1+"
ĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶ͘ŽŵŵŽŶůǇƌĞĨĞƌƌĞĚƚŽĂƐ͞ŶĞƵƌŽĂƐƚƌŽĐǇƚĞƐ͕͟ƚŚĞƐĞĐĞůůƐƌĞŵĂŝŶ ŝŶƚŚĞŐĞƌŵŝŶĂů
613',^" F(7&" 175" =,D&" ',)&" 3(" )$%&>&75461+" 7(5$+&)" -.cH)/8" 175" )$%&>&75461+" =,173" *&++"
1)3'(*43(61)" -.cPW)/M" .(6&"(2" 3;&)&" 7&$'(1)3'(*43&)" 5&6(7)3'13&" >1'3,1+"6,='13,(78" 2('6,7="
;&3&'(3(>,1)" ,7" 3;&" )$%*('3,*1+" 0;,3&" 6133&'M" <'&X$&73+48" )(6&" (2" 3;&" +&))" >',6,3,D&"
7&$'(1)3'(*43&)" 6,='13&" 3(" 3;&" *('3,*1+" >+13&" 0;&'&" 3;&4" 2('6" 3;&" 1=='&=13&)" (2" 54)>+1)3,*"
*('3&^"*(66(7+4"E7(07"1)"*('3,*1+"175")$%*('3,*1+"3$%&')"-G',7("J"N&7)E&"!OOOI"G$'13(+("&3"1+M"
K::K/M""
<($75" 0,3;,7" 3;&" *&'&%'1+" 175" *&'&%&++1'" *('3&^8" ,7" 155,3,(7" 3(" 3;&" )$%*('3,*1+" 0;,3&"
6133&'8"*('3,*1+b)$%*('3,*1+" 3$%&')"1'&" 2(*1+"1%7('61+,3,&)"(2"*('3,*1+"1'*;,3&*3$'&" 2($75"0,3;,7"
6('&" 3;17" 9:Y" (2" #." >13,&73)M" #;&)&" +&),(7)" '&>'&)&73" 3;&" ;1++61'E" (2" 3;&" 5,)&1)&" 175" 1'&"
)3'(7=+4" ,75,*13,D&" (2" *&'&%'1+" #." -G$'13(+(" &3" 1+M" K::K/M" " B1*'()*(>,*1++48" 3$%&')" 1'&"
*,'*$6)*',%&58"2,'6">1+&"2+13"'&=,(7)"(2"*&'&%'1+"*('3&^"3;13"3&75"3("%&"2(*$)&5"3("1"),7=+&"=4'$)M"
#;&)&" 3$%&')" ;1D&" 1" D1',1%+&" 1>>&1'17*&"0,3;"6$);'((6" );1>&5" =4'," 175" +())" (2" 3;&" *('3&^"
0;,3&"6133&'" Q$7*3,(7M"[23&7" 3;&)&" 3$%&')" *17"&^3&75" 2'(6" 3;&" *('3,*1+" )$'21*&"5&&>" ,73(" 3;&"
)$%*('3,*1+"0;,3&"6133&'"175"*17"'17=&"2'(6"(7&"3(")&D&'1+"*&73,6&3'&)M"W55,3,(71++48"3;&4"614"
1+)("*1+*,24"('"$75&'=(" *4)3,*"5&=&7&'13,(7M"B,*'()*(>,*1++48" 3;&4"1'&"(23&7" *;1'1*3&',F&5"%4"1"
61'E&5"5,)('=17,F13,(7"(2" *('3,*1+" +16,713,(7"0,3;"1=='&=13&)"(2"1%7('61+"=+,1+"175"54)>+1)3,*"
7&$'(71+"&+&6&73)M"P+,1+"&+&6&73)"*(66(7+4"*(7),)3"(2"=&6,)3(*43,*"1)3'(*43&)"0,3;"1%$75173"
&(),7(>;,++,*" *43(>+1)6M" #;&" 7&$'(71+" *(6>(7&73" (2" 3;&" 3$%&')" *(731,7)" 1" ;&3&'(=&7&($)"
>(>$+13,(7" (2" 6('>;(+(=,*1++4" 54)>+1)3,*" 7&$'(7)8" &^;,%,3,7=" 1" 5,)'$>3&5" '15,1+" (',&7313,(7"
0,3;,7" 3;&" *('3&^" 175" 1%7('61+" 5&75',3,*" 1'%(',)13,(78" ,7" 155,3,(7" 3(" >;&7(34>,*1++4" 7('61+"
*('3,*1+" 7&$'(7)M" <$'3;&'6('&8" 7&$'(1)3'(*43&)" 1'&" 1+)(" >'&)&738" ,7" 155,3,(7" 3(" 3;&" E&4"
Z"
"
;,)3(>13;(+(=,*1+"2&13$'&"(2"3$%&')8"=,173"*&++)M"W)"3;&"716&",6>+,&)8"=,173"*&++)"1'&"1%7('61++4"
&7+1'=&5"*&++)"0,3;"5,16&3&')"'17=,7="2'(6"9:"3("!Z:"$6M"[D(,5"('">(+4=(71+",7");1>&8"=,173"*&++)"
1'&" 1>>&1'" 3(" %&" 5&2&*3,D&"0,3;" '&)>&*3" 3(" '&=$+13,(7" (2" ='(03;" 175" *&++$+1'" 5&D&+(>6&73" 1)"
3;&4" *(66(7+4" >())&)" 1%7('61+" 5&75',3,*" 1'%(',)13,(78" 1)"0&++" 1)" 2'&X$&73+4"5,)>+14"6$+3,>+&"
175"+13&'1++4"5,)>+1*&5"7$*+&,"-G',7("&3"1+M"!OORI"G',7("J"N&7)E&"!OOOI"B,F$=$*;,"&3"1+M"K::K/M""
a(*13&5" 7&1'" 3;&" 01++" (2" 3;&" +13&'1+" 175" 3;,'5" D&73',*+&)8" .cH)" 1'&" >'&)&73" ,7"
1>>'(^,613&+4"9:Y"(2"#.">13,&73)M"?&D&+(>,7="&1'+4" ,7" 2&31+" +,2&8" .cH)"1'&"7(5$+1'" +&),(7)8" +&))"
3;17"!"*6",7"),F&8"3;13"2('6"&,3;&'"),7=+4"('",7"'(0)"175"(23&7"5&=&7&'13&"('"*1+*,24"5$',7="+13&'"
+,2&M"B,*'()*(>,*1++48".cH)"*(7),)3)"(2"+1'=&"*&++)8")(6&0;13"),6,+1'"3("=,173"*&++)8"175"&+(7=13&5"
=+,1+"*&++)M"d)$1++4"%&7,=7"175"1)46>3(613,*8".cH)"1'&"X$,3&">'(+,2&'13,D&"175";1D&"3;&">(3&73,1+"
3(" 5&D&+(>" ,73(" .cPW)" (D&'" 3,6&M" W+3;($=;" 3;&" &^1*3" 6(+&*$+1'" 6&*;17,)6" =(D&'7,7=" 3;&"
*(7D&'),(7"(2".cH)"3(".cPW)",)"$7E7(078".cPW)"1'&"3;&"6()3"*(66(7"%'1,7"3$6($')"(**$'',7="
,7"ZA!:Y"(2"#.">13,&73)"-e,73&')"J"B,4131"K::R/M"#;&"1>>&1'17*&"(2".cPW)"34>,*1++4"(**$')"0,3;,7"
3;&"2,')3"K:"4&1'"(2"+,2&"16(7="#.")$22&'&')8"5&D&+(>,7=",73("3$6($')"!"*6",7"5,16&3&'"('"+1'=&'M"
#;&)&" 3$6($')" $)$1++4" &^3&75" ,73(" 3;&" +13&'1+" D&73',*+&8" (23&7" +&15,7=" 3(" (%)3'$*3,(7)" (2" 3;&"
2('16&7" (2"B(7'(" 175" %+(*E,7=" 3;&" 2+(0" (2" *&'&%'()>,71+" 2+$,58" +&15,7=" 3(" ;45'(*&>;1+$)" ('"
&D&7"5&13;M"B1*'()*(>,*1++48" .cPW)" 2('6"='&4" 3(">,7E,);A'&5" 3$6($')" 3;13" *17" ,7" )(6&" *1)&)"
5&D&+(>" ,73(" +1'=&" ;1&6('';1=&)" ('" *1+*,2,*13,(7)M"B,*'()*(>,*1++48" .cPW)" 1'&" *(6>',)&5" (2" 1"
;&3&'(=&7&($)" >(>$+13,(7" (2" *&++)" *(731,7,7=" 54)6('>;,*" 1)3'(*43&)8" ),6,+1'" 3(" 3;()&" )&&7" ,7"
*('3,*1+" 3$%&')8" 175" =,173" *&++)M" #4>,*1++48" .cPW)" 1'&" ;,=;+4" D1)*$+1'8" %$3" &^;,%,3" 1" +(0"6,3(3,*"
,75&^M"W55,3,(71++48"2(*,"(2"7&*'(),)"175",72+16613('4"*&++"*(6>(7&73)8")$*;"1)"61)3"*&++)"175"#A
+46>;(*43&)8"1'&",73&')>&')&5"0,3;,7"3;&"3$6($'"61))"-C(&'"&3"1+M"K::9/M""
R"
"
C&4(75"3;&"',)E"(2"6('31+,34"175";45'(*&>;1+$)8")&D&'&"7&$'(+(=,*1+"1%7('61+,3,&)8")$*;"
1)"&>,+&>)48"7&$'(*(=7,3,D&"54)2$7*3,(7"175">&'D1),D&"5&D&+(>6&731+"5,)('5&')" -S??/8" )$*;"1)"
1$3,)68"1'&"1+)(")3'(7=+4"1))(*,13&5"0,3;"3;&"7&$'(+(=,*1+"617,2&)313,(7)"(2"#."-['+(D1"J"G',7("
K:!:/M"[**$'',7="0,3;,7"R:AO:Y"(2"#.">13,&73)"5&6(7)3'13,7="7&$'(+(=,*1+"617,2&)313,(7)"(2"#.8"
&>,+&>)4" $)$1++4"617,2&)3)"0,3;,7" 3;&" 2,')3" 4&1'" (2" +,2&" ,7" #." >13,&73)" 175" ,)" 3;&"6()3" *(66(7"
7&$'(+(=,*1+" 5,)('5&'" (%)&'D&5M" ?(*$6&73&5" )&,F$'&" 34>&)" ,7*+$5&" ,72173,+&" )>1)6)8" ),6>+&"
>1'3,1+8"*(6>+&^">1'3,1+"175"=&7&'1+,F&5"3(7,*A*+(7,*")&,F$'&)"-#;,&+&"K::`/M"#."1))(*,13&5"3$%&')"
1'&"*(66(7+4"'&=1'5&5"1)"3;&"&>,+&>3(=&7,*"2(*,"0,3;,7")$22&'&')"175")$'=,*1+" ,73&'D&73,(78"D,1"
3$%&'&*3(648" ;1)8" ,7" 6()3" *1)&)8" %&&7" 5&6(7)3'13&5" 3(" 1++&D,13&" 3;&)&" )&,F$'&)M" G(7D&')&+4"
3;($=;8"1)"6174"1)"!:Y"(2"#.">13,&73)";1D&"%&&7"2($75"3("5&6(7)3'13&")&,F$'&)",7"3;&"1%)&7*&"
(2" *('3,*1+" 3$%&')" -#;,&+&" K::`/M" #;&" &^1*3" 6&*;17,)6)" )$''($75,7=" &>,+&>3(=&7&),)" ,7" #."
>13,&73)" ;1)" 7&D&'" 2$++4" %&&7" ,5&73,2,&58" ;(0&D&'" 1%&''173" =+$31613&" '&*&>3('" &^>'&)),(78"
(%)&'D&5"0,3;,7"54)6('>;,*"1)3'(*43&)8";1)"%&&7",6>+,*13&5"1)"1"*(73',%$3,7="21*3('"-U;,3&"&3"
1+M" K::!/M" ]7" 155,3,(7" 3(" &>,+&>)48" 3;&" 7&$'(*(=7,3,D&" 5,)('5&')" 1))(*,13&5" 0,3;" #." *17" 122&*3"
%&30&&7"L:"3("9:Y"(2"#.">13,&73)M"\17=,7="0,5&+4" ,7"3&'6)"(2")&D&',348"3;&)&"5,)3$'%17*&)"1'&"
1+)(" ;,=;+4" D1',1%+&" ,7" 3&'6)" (2" &^>'&)),(78" ,7*+$5,7=" %&;1D,($'1+" >'(%+&6)8" )+&&>" 5,)('5&')8"
;4>&'1*3,D,348"133&73,(7"5&2,*,38"1=='&)),D&7&))8"175"1$3,)6"-G$'13(+("&3"1+M"!OO!/M""]7"155,3,(7"3("
3;&)&"5,)('5&')8"#.">13,&73)"(23&7">'&)&73"0,3;"1+3&'&5"*(=7,3,D&"2$7*3,(78"0,3;"!`Y"(2">13,&73)"
&^;,%,3,7="6,+5"3(")&D&'&",6>1,'6&73"175"L:MZY"(2">13,&73)"&^;,%,3,7=")&D&'&"6&731+"'&31'513,(7"
-f(,7)(7"&3"1+M"K::L/M"""
)*I4(%=6(%8(J6,6(E<K39?4("37-/.?(@(J6,6-327("
]7D&)3,=13,(7" ,73(" 3;&" =&7&3,*)"$75&'+4,7=" #.";1D&")>177&5" 3;&" +1)3" !L:" 4&1')" 175"1'&"
)3,++"(7=(,7="3(514M".3$5,&)"*(75$*3&5"%4"D17"5&'"N(&D&8",7"!OLL8"175"P$73;&'"175"S&7'()&8",7"
V"
"
!OLZ8" ,5&73,2,&5"#."1)"17"1$3()(61+"5(6,7173"6$313,(71+"5,)('5&'I" 3;&)&")3$5,&)";1D&" 2('6&5"
3;&"%1),)"(2"($'"$75&')3175,7="(2"#."-D17"5&'"N(&D&"!OLLI"P$73;&'"J"S&7'()&"!OLZ/M"N(0&D&'8",3"
ǁĂƐŶ͛ƚ ƵŶƚŝů ƚŚĞ ůĂƚĞ ϭϵϴϬ͛Ɛ ƚŚĂƚ ƐŝŐŶŝĨŝĐĂŶƚ ƐƚƌŝĚĞƐ ǁĞƌĞ ŵĂĚĞ ƚŽǁĂƌĚƐ ƵŶĚĞƌƐƚĂŶĚŝŶŐ 175"
,5&73,24,7="3;&"=&7&)"13"3;&"*('&"(2"3;,)"5,)('5&'M""
#;&"2,')3"15D17*&)",7"3;,)"'&)>&*3"*16&",7"3;&"2('6"(2"=&7&3,*"+,7E1=&")3$5,&)8"*(75$*3&5"
,7" !O9V8" 0;,*;" )&'D&5" 3(" ,5&73,24" 175" +(*1+,F&" 3;&" =&7&)" ,6>+,*13&5" ,7" 3;&" *1$)13,(7" (2" 3;,)"
5,)('5&'M" #1'=&3&5" 3(" *;'(6()(61+" +(*$)" OXL`8" 3;&" 2,')3" (2" 3;&)&" =&7&)"01)" 5&),=713&5" #.G!"
-<'4&'" &3" 1+M" !O9VI" D17" .+&=3&7;(')3" &3" 1+M" !OOV/M" W" ='($>"(2" '&)&1'*;&')8" (>&'13,7=" $75&'" 3;&"
%177&'" (2" 3;&" c$'(>&17" G;'(6()(6&" !R" #$%&'($)" .*+&'(),)" G(7)('3,$68" *(75$*3&5" )&D&'1+"
&^>&',6&73)" 3(" +(*1+,F&" 3;&" )&*(75" #." =&7&" 216,+4" 6&6%&'" 3(" *;'(6()(61+" +(*$)" !R>!LML8"
,5&73,24,7=" ,3" 1)" #.GK" -T1753" &3" 1+M" !OOKI"H&++,)3" &3" 1+M" !OOL/M" #;&)&" )3$5,&)"615&" ,3" *+&1'" 3;13"
6$313,(7",7"&,3;&'"3;&"#.G!"('"#.GK"=&7&)"0&'&"2$7516&731+"3("3;&"5&D&+(>6&73"(2"#.M"#;&)&"
)3$5,&)" +&15" 3(" 3;&"5,)*(D&'4"3;13" 3;&'&" ,)" 2'&X$&73" +())"(2";&3&'(F4=(),34"0,3;,7"1++&+&)"13" 3;&"
!R>" 175"OX" *;'(6()(61+" '&=,(7)" ,7" ;161'3(613($)" 3,))$&)" 31E&7" 2'(6"#." >13,&73)" -P'&&7"J"
g13&)" !OOLI" .6,3;" &3" 1+M" !OOLI" P'&&7" &3" 1+M" !OO`/M" #;,)" &D,5&7*&8" *($>+&5" 0,3;" !" #$%&$%"
(%)&'D13,(7"(2"='(03;"1%&''13,(7)",7";161'3(61"3,))$&)8">'(D,5&5"*'&5&7*&"2('"3;&"3;&('4"3;138"
6$*;"+,E&"=&7&)"6,)'&=$+13&5",7"(3;&'">;1E(613()&)8"+,E&"7&$'(2,%'(613(),)"-34>&)"!"J"K/"175"
D(7"N,>>&+Aa,751$"5,)&1)&8"3;&"#."=&7&)"1*3&5"1)"3$6($'")$>>'&))('"=&7&)"-a&=$,)"&3"1+M"!OOLI"
a13,2"&3"1+M"!OOLI"H&++,)3"&3"1+M"!OOLI"N$17="J"B177,7="K::9/M"U;&7"171+4F&5"*(++&*3,D&+48"3;&)&"
2,75,7=)"1++(0&5"'&)&1'*;&')"3("*+&1'+4"*;1'1*3&',F&"3;&"=&7&3,*"6&*;17,)6"%4"0;,*;"6$313,(7)"
,7"#.G!"('"#.GK"+&15"3("3;&"5&D&+(>6&73"(2"#.M""
#;&"1*X$,),3,(7"(2"#.G!"('"#.GK"=&7&"6$313,(7)",)"7(0"E7(07"3("(**$'"D,1"30(">',7*,>+&"
6&3;(5)M" #;&" 2,')3" ,)" =&7&3,*" ,7;&',317*&8" %&,7=" >1))&5" 3(" >13,&73)" 5$',7=" *(7*&>3,(7" 2'(6"
9"
"
>1'&73)";1'%($',7="&)31%+,);&5"=&'6"*&++"6$313,(7)M"#;&")&*(75"6&3;(5",)"3;'($=;")>('15,*8"'("
)&*&" 6$313,(7)8"0;,*;" (**$'" 5$',7=" &6%'4(7,*" 5&D&+(>6&73M"U;,+&" %(3;" *17" (**$'8" '(" )&*&"
6$313,(7)" 1'&" 6('&" >'&D1+&738" 0,3;" 1>>'(^,613&+4" R:AV:Y" (2" #." *1)&)" );(0,7=" 7(" =&7&3,*"
,7;&',317*&"-f(7&)"&3"1+M"!OOVI"f(7&)"&3"1+M"!OOO/M"N(0&D&'8";&3&'(F4=($)",71*3,D13,(7"(2"(7&"(2"
3;&)&"=&7&)" ,)"7(3")$22,*,&73"3(">'(5$*&"1"5,)&1)&">;&7(34>&M"?,)&1)&">13;(=&7&),)"175"+&),(7"
2('613,(7";1D&"%&&7"2($75"3("'&)$+3"2'(6"3;&"1*X$,),3,(7"(2"1")&*(75")(613,*"6$313,(78"+&15,7="
3(" ;(6(F4=($)" ,71*3,D13,(7" (2" &,3;&'" (2" 3;&" #.G" =&7&)" -P'&&7" &3" 1+M" !OOL/M" #;,)" +())" (2"
;&3&'(F4=(),34"(**$')" ŝŶĂŵĂŶŶĞƌĐŽŶƐŝƐƚĞŶƚǁŝƚŚ<ŶƵĚƐŽŶ͛Ɛ ƐĞĐŽŶĚA;,3"6(5&+8"5&>&75,7="(7"
)&*(751'4" 6$313,(7)8" ,7" 3;,)" *1)&" *(66(7+4" +&15,7=" 3(" +1'=&" 5&+&3,(7)" ,7D(+D,7=" 3;&" +())" (2"
)$''($75,7=" +(*,"-T7$5)(7"!OV!I"P'&&7"&3"1+M"!OO`I"G',7("&3"1+M"K::R/M"a,7E1=&"171+4),)")3$5,&)8"
&^16,7,7=" 216,+,1+" #.8" ;1D&" )$==&)3&5" 3;13" 5,)3',%$3,(7" (2" #.A1))(*,13&5" 6$313,(7)" ,)"
1>>'(^,613&+4" )>+,38"0,3;" ;1+2" (2" >13,&73)" >'&)&73,7=" #.G!"6$313,(7)" 175";1+2" >'&)&73,7="0,3;"
#.GK"6$313,(7)" -f(7&)"&3"1+M"!OOVI" f(7&)"&3"1+M"!OOO/M" " ]7" 3;&")>('15,*"#.">(>$+13,(7";(0&D&'8"
3;,)",)"7(3"3;&"*1)&8"1)"#.GK"6$313,(7)"1'&"(%)&'D&5"3("%&"7&1'+4"2,D&"3,6&)"6('&"*(66(7"3;17"
6$313,(7" ,7" #.G!" -.171*E" &3" 1+M" K::ZI" f(7&)" &3" 1+M" !OOO/M" <$'3;&'6('&8" 0;,+&" 3;&" '17=&" (2"
1))(*,13&5" *(75,3,(7)" ,)" ),6,+1'" 2('" >13,&73)" ;1'%($',7=" #.G!" ('" #.GK" 6$313,(7)8" >13,&73)"
>'&)&73,7="0,3;"#.GK"6$313,(7)"1>>&1'" 3("%&"6('&")&D&'&+4"122+,*3&5"3;17">13,&73)">'&)&73,7="
0,3;"#.G!"6$313,(7)"-W)3',7,5,)"J"N&7)E&"K::Z/M"#;&",7*'&1)&5"2'&X$&7*4"(2">13,&73)">'&)&73,7="
0,3;"#.GK"6$313,(7)",)"3;($=;3"3("'&)$+3"2'(6"1";,=;&'",7*,5&7*&"(2")&*(75";,3"6$313,(7"&D&73)"
(**$'',7=" 0;&7" #.GK" ,)" 6$313&5I" 3;,)" ;(0&D&'" '&61,7)" )>&*$+13,D&" 175" ;1)" 4&3" 3(" %&" 2$++4"
&+$*,513&5"-\()7&'"&3"1+M"K::9/M""
c^3&7),D&" 6$313,(71+" )3$5,&)" ;1D&" %&&7" *(75$*3&5" 3(" ,7D&)3,=13&" 3;&" )>&*3'$6" (2"
6$313,(7)"(%)&'D&5" ,7"#."*1)&)M"#.G!"6$313,(7)";1D&"%&&7"2($75"3(">'&5(6,7173+4" '&>'&)&73"
7(7)&7)&"('"2'16&");,23"6$313,(7)8"0;,*;"+&15"3(">'&613$'&">'(3&,7"3'$7*13,(7"$>(7"3'17)+13,(7"
O"
"
-<,=$'&" !1/M" #.GK"6$313,(7)8" ;(0&D&'" ;1D&" 5&6(7)3'13&5" 1" %'(15&'" )>&*3'$68" >'&)&73,7=" 1)"
2'16&);,238" 6,))&7)&8" 7(7)&7)&8" ,7A2'16&" 5&+&3,(7)" 175" )>+,*&" 6$313,(7)" -f(7&)" &3" 1+M" !OOO/"
-<,=$'&"!%/M"#;'($=;"3;&)&")3$5,&)"6('&"3;17"K::"#.G!"175"V::"#.GK"1++&+,*"D1',173)";1D&"%&&7"
,5&73,2,&5"-H,,51"&3"1+M"!OOOI"f(7&)"&3"1+M"!OOOI"D17".+&=3&7;(')3"&3"1+M"!OOOI"T0,13E(0)E1"&3"1+M"
!OO9/M" G&'31,7" #.GK" 6,))&7)&" 6$313,(7)8" 0,3;,7" &^(7)" !R" 175" L98" 175" 17" !9A%>" ,7" 2'16&"
5&+&3,(78" ,7"&^(7"`:8"1>>&1'"13"17"&+&D13&5"2'&X$&7*4"16(7=")&D&'1+"#.">13,&73)" -.17*1E"&3"1+M"
K::Z/M" <$'3;&'" )3$5,&)" *(6>1',7=" 3;&" 2'&X$&7*4"(2" #.G!"6$313,(7)" 3(" 3;13" (2" #.GK"6$313,(7)"
;1D&"(%)&'D&5"3;13"6,))&7)&"175"+1'=&"=&7(6,*"5&+&3,(7)"(**$'"6$*;"6('&"2'&X$&73+4"(7"3;&"
#.GK"=&7&"-G',7("J"N&7)E&"K::R/M""
)*L4(%=6(%8!(J6,6($./012-74("<K<.-3,(@(%156.3,"
W)">1'3"(2"3;&")3$5,&)"*(75$*3&5",7"!OOL"175"!OOV",7D&)3,=13,7="3;&"*;'(6()(61+"+(*,"(2"
3;&"#.G"=&7&)"3;&"$7,X$&">'(3&,7">'(5$*3)"(2"#.G!"175"#.GK8"E7(07"1)"N161'3,7"175"#$%&',7"
'&)>&*3,D&+48"0&'&"1+)("$7*(D&'&5"-H&++,)3"&3"1+M"!OOLI"D17".+&=3&7;(')3"&3"1+M"!OOV/M"\&)&1'*;",7"
)$%)&X$&73"4&1')";1)"&+$*,513&5"3;&")3'$*3$'1+"('=17,F13,(7"(2"3;&)&"30(">'(3&,7)"175";1)"1+)("
4,&+5&5")&D&'1+",7),=;3)",73("3;&,'"2$7*3,(78",73&'1*3,(7)"175"3;&"713$'&"(2"3;&,'"1))(*,13,(7"3("#.M""
N161'3,78"3;&"!L:"E?1">'(3&,7"&7*(5&5"%4"3;&"KL"&^(7)"(2"3;&"#.G!"=&7&8"01)"(%)&'D&5"
3("%&"$%,X$,3($)+4"&^>'&))&5"0,3;,7"1++"&$E1'4(3,*"*&++)"&^,)3,7="1)"(7&"(2"30(",)(2('6)8"5&',D&5"
2'(6"3;&"1+3&'713,D&")>+,*,7="(2"3;&"3'17)*',>3"13"&^(7"K"-D17".+&=3&7;(')3"&3"1+M"!OOV/M".3'$*3$'1+"
5(61,7)",5&73,2,&5"(7"N161'3,7",7*+$5&"17"HA3&'6,71+"3'17)6&6%'17&"5(61,7"175"1"GA3&'6,71+"
*(,+&5" *(,+" 5(61,7M" ]7" 155,3,(7" 3(" 3;&)&" )3'$*3$'1+" 6(3,2)8" N161'3,7" 1+)(" *(731,7)" )&D&'1+"
2$7*3,(71+" 5(61,7)" 5,)3',%$3&5" 1*'())" 3;&" +&7=3;" (2" 3;&" >'(3&,7" 0;,*;" )&'D&" 3(" 6&5,13&" ,3)"
,73&'1*3,(7"0,3;"1"%'(15"'17=&"(2"(3;&'">'(3&,7)",7*+$5,7=_"HW?c"-11"RV!A!:9`/8"<]SK::"-11"`:LA
V9V/8"&'F,7A'15,^,7A6(&F,7"-c\B/"1*3,7"%,75,7=">'(3&,7)"-11"99!A!:9`/8"H<Aa"-11"RV`A!!R`/8"S+E!"
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
C
oiled
C
oil
A)TSC
1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
G
A
P
D
om
ain
B
)
TSC
2
N
onsense
/Fram
eshift
M
issense
/In-fram
e
D
eletion
Splice
!"#$%& ' ! "#
!!"
"
E3>1.6()"+,-."/"+,-0"1()("234!4%&)5"
.*;&613,*"'&>'&)&7313,(7",75,*13,7="3;&"5,)3',%$3,(7"(2"6$313,(7)"1+(7="3;&"#;"#.G!"175"
M;"#.GK"=&7&)M" ]75,*13&5";&'&"1'&"1++" ,5&73,2,&5">(,73"6$313,(78")61++"5&+&3,(7)"175" ,7)&'3,(7)M"
H$6%&'&5"%(^&)"5&7(3&",75,D,5$1+"&^(7)M"W51>3&5"2'(6_"f(7&)"&3"1+M"!OOOM"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
!K"
"
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-T'46)E141" K::LI" G;(7=AT(>&'1" K::R/M" <$'3;&'6('&8" %(3;" 3;&" H" 175" GA3&'6,71+" '&=,(7)" (2"
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Functions -
(Cell Type / Localization Specific):
- Cell Growth
- Metabolism
- Protein Translation
- Autophagy
- Ribosome Biogenesis
- Axon Guidance
- Dendritic Spine Density / Size
- Neuronal Polarity / Migration
RTK RTK
Insulin IGF-1 EGF/PDGF Glucose AminoAcids
NutrientsGrowth Factors
PI3K PIP3
Akt
TSC1
TSC2
Rheb
GTP
Rheb
GDP
mTORC1
mTORC2
S6K 4E-BP1
Energy
Stress
AMPK
LKB1
ERK/RSK
B-Raf
Ras
MAP4K3Rapamycin(Sirolimus)
DAPK
GSK3
IR
S
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3,6&")*1+&"-<,=$'&"ZW"ʹ"#(>/M"#$%&',7"+&D&+)"'&61,7&5"*(7)3173"3;'($=;"3;,)"3,6&"*($')&"-<,=$'&"
ZC/M"6#[\"1*3,D,348" 3;'($=;"6&1)$'&6&73" (2" >V:.RT">;()>;('4+13,(7" 13" 3;&"6#[\G!A)>&*,2,*"
Z`"
"
1*3,D13,7=" >;()>;('4+13,(7" ),3&" #L9O8" 01)" 1+)(" 1))&))&5" 1)" (7&" ,75,*13('" (2" #$%&',7" 1*3,D,34"
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514"175"R"514"5,22&'&73,13,(7"3,6&"*($')&)8"'&)>&*3,D&+4M"S'(3&,7")16>+&)"0&'&"*(++&*3&5"13":8"!8"
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W*3,7" [?/M#;" #$%&',7" +&D&+)" -KZ:" E?1" A" #(>/" 0&'&" 1))&))&5" 3;'($=;" 0&)3&'7" %+(3" 171+4),)"
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*(75$*3&5"$),7="!::"l="(2">'(3&,7"+(15&5"&X$1++4"1*'())"1++"+17&)M"#(>(,)(6&'1)&"]]ɴ";dŽƉŽ//ɴͿ
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7$*+&1'" 175" *43(>+1)6,*8" >'(3&,7" 2'1*3,(7)" 0&'&" *(75$*3&5" $),7=" )>(3" 5&7),3(6&3'4M"
?&7),3(6&3'4" D1+$&)" -gA1^,)/" 2('" #$%&',7" ;&'&" '&>'&)&73" 3;&" a(=!:" 3'17)2('6&5" D1+$&)" (2"
*(''&*3&5">'(3&,7"(>3,*1+"5&7),34"D1+$&)"-4/8"0;&'&"47$*+&1'"p"-#$%&',7"[?"b"#(>(,)(6&'1)&"]]ɴ"[?/"
('" 4*43(>+1)6,*" p" -#$%&',7" [?" b" ɲA#$%$+,7" [?/M" .313,)3,*1+" 171+4),)" 01)" *(75$*3&5" $),7=" +,7&1'"
'&='&)),(7"(2"#$%&',7"+&D&+"D)M"#,6&M"
(
(
(
(
(
(
R`"
"
I*I4('6>19<-3/,(/B(%8!F(K'G#(96V697(01.3,>(,61./,<9(03BB6.6,-3<-3/,((
( U,3;"3;&"(%)&'D13,(7"3;13"#$%&',7">'(3&,7"+&D&+)"0&'&"$75&'=(,7="'&=$+13,(7"5$',7="3;&"
*($')&" (2" 7&$'(71+" 5,22&'&73,13,(78" 2$'3;&'" ,7D&)3,=13,(7" 01)" *(75$*3&5" 3(" &^16,7&" 0;&3;&'"
'&=$+13,(7" ,7"#.GK"&^>'&)),(7"01)"1+)("(**$'',7="13" 3;&"6\HW" +&D&+M"n\#ASG\"171+4),)"(2" 3(31+"
#.GK"6\HW" +&D&+)" 01)" *(75$*3&5" 2('" %(3;" .NA.gZg" -<,=$'&" 9/" 175" \HLLC" *&++)" -<,=$'&" O/" 3("
1))&))" *;17=&)" 5$',7=" 7&$'(71+" 5,22&'&73,13,(7M" !LA*,)" '&3,7(,*" 1*,5" )3,6$+13&5" .NA.gZg" *&++)"
0&'&"5,22&'&73,13&5"1*'())"L"514"175"K`";($'"3,6&"*($')&)M"W*'())"3;&"L"514"3,6&"*($')&8"6&17"
#.GK" 6\HW" +&D&+)" 21,+&5" 3(" 5&6(7)3'13&" ),=7,2,*173" *;17=&)" ,7" 6\HW" +&D&+)" -<,=$'&" 9W/M"
#;'($=;($3" 3;&" K`" ;($'" 3,6&" *($')&8" ;(0&D&'8"6&17" #.GK"6\HW" +&D&+)" 5,)>+14&5" 1" %,>;1),*"
>133&'7" (2" &^>'&)),(78" 0,3;" 1" ),=7,2,*173" (D&'1++" 5&*'&1)&" ,7" +&D&+)8" 1)" ,75,*13&5" 3;'($=;"
'&='&)),(7" 171+4),)" -\K" p" " :MZV!!8" >" p" :M:L::8" ɲ" p" :M:Z/" -<,=$'&" 9C/M" #&6>&'13$'&A)3,6$+13&5"
\HLLC"*&++)"0&'&"1+)("&^16,7&5"1*'())"R"514"175"K`";($'"5,22&'&73,13,(7"3,6&"*($')&)"-<,=$'&"O/M"
W*'())" 3;&"R"514" 3,6&" *($')&8"6&17"#.GK"6\HW"5,)>+14&5"7(" ),=7,2,*173" *;17=&)" -<,=$'&"OW/M"
.,6,+1'+48"6\HW"+&D&+)"6&1)$'&5"1*'())"3;&"K`";($'"3,6&"*($')&"1+)("5,5"7(3"5&6(7)3'13&"174"
),=7,2,*173"*;17=&)"-<,=$'&"OC/M"#;$)8"5&)>,3&"3;&"*;17=&)"(%)&'D&5"1*'())"3;&".NA.gZg"K`";($'"
5,22&'&73,13,(7" *($')&8" #.GK" 6\HW" +&D&+)" 1>>&1'" 3(" '&61,7" '&+13,D&+4" )31%+&" 5$',7="
5,22&'&73,13,(7M"
"
(
(
(
(
Differentiation Time Points
lo
g 1
0
R
Q
(T
S
C
2)
A)
Regression:
y = -0.0615x - 0.1441
N = 3
Differentiation Time Points
lo
g 1
0
R
Q
(T
S
C
2)
B)
Regression:
y = -0.0168x + 0.1553
*p = 0.0301, ! = 0.05
N = 2
!"#$%& ' ! "#
RR"
"
E3>1.6(T(+,-0"8GDE"?(*(?5"!$(")&4"$(:3?!4('"!6$&55"C3??")(3$&)!?"'%CC($()4%!4%&)"%)",=L,MNM"6(??5"""
.NA.gZg"7&$'(%+1)3(61"*&++)"0&'&" )3,6$+13&5"0,3;"!LA*,)" '&3,7(,*" 1*,5" 3("5,22&'&73,13&"
1*'())" L" 514" :#;" 175" K`" ;($'" :M;" 3,6&" *($')&)M" #(31+"6\HW"01)" &^3'1*3&5" 2'(6" *&++" )16>+&)"
*(++&*3&5" 13" 3;&" ,75,*13&5" 3,6&" >(,73)" 175" n\#ASG\" 171+4),)" *(75$*3&5M" 6\HW" +&D&+)" 1'&"
>'&)&73&5"1)" 3;&"*1+*$+13&5"6&17" +(=!:"\n"D1+$&)" 2('"&1*;"3,6&">(,73" -gA1^,)/8"0,3;"&''('"%1')"
,75,*13,7=" 3;&" )31751'5" &''('M" #1'=&3" 6\HW" &^>'&)),(7" +&D&+)" 0&'&" 7('61+,F&5" 3(" PWS?N8"
*1+,%'13&5" $),7=" #" p" :" -?14" :" ('" :" 6,7$3&/" 6\HW" +&D&+)" 1)" 3;&" ,73&'71+" *1+,%'13('" 175" 1'&"
'&>'&)&73&5" ,7" '&+13,(7" 3(" #" p" :" +&D&+)M" #;" #.GK" 6\HW" +&D&+)" 1*'())" 3;&" L" 514" 3,6&" *($')&"
-\&>+,*13&)_" H" p" L/M"M;" #.GK"6\HW" +&D&+)" 1*'())" 3;&" K`" ;($'" 3,6&" *($')&" -\&>+,*13&)_" H" p" K/M"
.313,)3,*1+" 171+4),)" 01)" *(75$*3&5" $),7=" +,7&1'" '&='&)),(7" (2" #.GK" 6\HW" +&D&+" D)M" #,6&" -\Kp"
:MZV!I">"p":M":L:!I"ɲ"p":M:Z/M""
(
(
(
(
(
(
(
(
(
Differentiation Time Points
lo
g 1
0
R
Q
-T
S
C
2
Differentiation Time Points
lo
g 1
0
R
Q
-T
S
C
2
A)
B)
Regression:
y = -0.0315x + 0.1798
N = 3
Regression:
y = 0.1227x + 0.048
N = 2
!"#$%& ' ( !"
R9"
"
E3>1.6(U(+,-0"8GDE"?(*(?5"'&")&4"3)'($:&"$(:3?!4%&)"'3$%):")(3$&)!?"'%CC($()4%!4%&)"%)"GDOOP"
6(??5(
\HLLC"*&++)"0&'&"3&6>&'13$'&")3,6$+13&5"3("5,22&'&73,13&"1*'())"R"514" :#;"175"K`";($'"
:M;" 3,6&"*($')&)M"#(31+"6\HW"01)"&^3'1*3&5" 2'(6"*&++" )16>+&)"*(++&*3&5" 13" 3;&" ,75,*13&5" 3,6&"
>(,73)"175"n\#ASG\"171+4),)"*(75$*3&5M"6\HW"+&D&+)"1'&">'&)&73&5"1)"3;&"*1+*$+13&5"6&17"+(=!:"
\n" D1+$&)" 2('" &1*;" 3,6&" >(,73" -gA1^,)/8" 0,3;" &''('" %1')" ,75,*13,7=" 3;&" )31751'5" &''('M" #1'=&3"
6\HW"&^>'&)),(7"+&D&+)"0&'&"7('61+,F&5"3("PWS?N8"*1+,%'13&5"$),7="#"p":"-?14":"('":"6,7$3&/"
6\HW" +&D&+)"1)" 3;&" ,73&'71+"*1+,%'13('"175"1'&"'&>'&)&73&5" ,7"'&+13,(7"3("#"p":" +&D&+)M"#;"#.GK"
6\HW"+&D&+)"1*'())"1"R"514"5,22&'&73,13,(7"*($')&"-\&>+,*13&)_"HpK/M"M;"#.GK"6\HW"+&D&+)"1*'())"
3;&"K`";($'"3,6&"*($')&"-\&>+,*13&)_"HpL/M""
(
(
(
(
(
(
(
(
(
RO"
"
I*L4( %8!F( K'G#( 96V697( 7=/c( <( 793>=-( V<.3<-3/,( 56-c66,( H<.-3<99?( 2/KK3--60( <,0( 7-6KY93d6(
,61./,<9(2699(H/H19<-3/,7(
#;($=;"*(66(7+4"$)&5"1)"'&>'&)&7313,D&"(2"7&$'1+">'(=&7,3('">(>$+13,(7)8" 3;&"6(5&+"
*&++"+,7&)"&6>+(4&5",7"3;&">'&*&5,7=")3$5,&)"0&'&"5&',D&5"2'(68"175"*(7),)3"(28"1";&3&'(=&7&($)"
*&++" >(>$+13,(7" -S'&,)" &3" 1+M" !O99I" U;,33&6('&" J"U;,3&" !OOL/M" " N&7*&" 3;&)&" *&++)" &^,)3" 1)" 1"
>1'3,1++4" *(66,33&5" >(>$+13,(7" *(6>',)&5" (2" *&++)" 13" D1',($)" )31=&)" (2" 7&$'1+" +,7&1=&"
*(66,36&738" %&30&&7" 7&$'1+" >'(=&7,3(')" 175" 2$++4" 5,22&'&73,13&5" 7&$'(7)" ('" =+,1+" *&++)M" #("
&^16,7&"0;&3;&'"#$%&',7"&^>'&)),(7" ,)"5,22&'&73,1++4"&^>'&))&5",7"3;&"6('&")3&6A+,E&"*&++)8"0&"
$)&5" 3;&" 7&$'()>;&'&" 2('613,(7" 1))148" 5&),=7&5" %4" S1*&4" 175" 1))(*,13&)" 3(" )&+&*3" 2('" 3;,)"
>(>$+13,(7"-S1*&4"&3"1+M"K::R/M"""
H&$'()>;&'&" 2('613,(7" 1))14)" 0&'&" *(75$*3&5" $),7=" %(3;" .NA.gZg" -<,=$'&" !:/" 175"
\HLLC" *&++)" -<,=$'&" !!/M" .3&6A+,E&" .NA.gZg" *&++)" 0&'&" )3,6$+13&58" $),7=" *$+3$'&" 6&3;(5)"
&)31%+,);&5",7"S1*&4"&3"1+M"K::R8"3("2('6"D1',1%+4"),F&58"'($=;+4")>;&',*1+"*+$)3&')"(2"*&++)8"0;,*;"
0&'&" )$%)&X$&73+4" &7',*;&5" 2('" 30(" >1))1=&)" >',('" 3(" ;1'D&)3,7=" -<,=$'&" !:W" J" C/M" n\#ASG\"
171+4),)"01)"$)&5"3("*(6>1'&"6&17"#.GK"6\HW"+&D&+)"%&30&&7"7&$'()>;&'&"*$+3$'&5"*&++)"175"
6(7(+14&'" *$+3$'&M" #(" ,75,*13&" 3;&" '&+13,D&"5&='&&"(2"5,22&'&73,13,(7"0,3;,7" 3;&" *(6>1'&5" *&++"
>(>$+13,(7)8" 6&17" 6\HW" +&D&+)" 0&'&" 1+)(" &^16,7&5" 2('" 3;&" 7&$'(71+" >'(=&7,3('b)3&67&))"
61'E&')" H&)3,7" 175"[*316&'A%,75,7=" #'17)*',>3,(7" <1*3('" `" -[*3" `/M" d>(7" *(6>1',)(78"6&17"
#.GK" 6\HW" +&D&+)8" 2(++(0&5" 3;&" &^>'&)),(7" +&D&+)" (2" [*3" `M" ?&)>,3&" 3;&" 1>>1'&73" &+&D13,(7"
;(0&D&'8"+&D&+)"0&'&"7(3"2($75"3("%&"),=7,2,*173+4";,=;&'",7"3;&"7&$'()>;&'&"*$+3$'&5"*&++)"3;17"
,7"3;&"6(7(+14&'">(>$+13,(7"-<,=$'&"!:G/M"]3",)"7(31%+&"3;13"6&17"[*3"`"-<,=$'&"!:?/"175"6&17"
H&)3,7"6\HW"-<,=$'&"!:c/"+&D&+)"1+)("5,)>+14&5"7("),=7,2,*173"*;17=&)"%&30&&7"3;&"7&$'()>;&'&"
175"6(7(+14&'">(>$+13,(7)M"#;,)",75,*13&)"3;13"3;&'&"614";1D&"%&&7"&^>&',6&731+"2+$*3$13,(7",7"
V:"
"
3;&",)(+13,(7"(2"3;&")3&6A+,E&">(>$+13,(7M"d),7=",5&73,*1+"6&3;(5)"3("3;()&"&6>+(4&5"2('"3;&".NA
.gZg"*&++)8"7&$'()>;&'&)"0&'&"*$+3$'&5"2'(6"713,D&";&3&'(=&7&($)">(>$+13,(7)"(2"\HLLC"*&++)M"
<(++(0,7="30(")$**&)),D&">1))1=&)8"7&$'()>;&'&)8"0;,*;"0&'&"=&7&'1++4")61++&'",7"),F&"3;17".NA
.gZg"5&',D&5"7&$'()>;&'&)8"0&'&"*(++&*3&5"175"171+4F&5"2('"#.GK"6\HW"+&D&+)",7"*(6>1',)(7"3("
6(7(+14&'"*$+3$'&5"\HLLC"*&++)"$),7="n\#ASG\"-<,=$'&"!!W"J"C/M"H&)3,7"175"[*3"`" +&D&+)"0&'&"
1+)(" &^16,7&5" 1)"61'E&')" (2" )3&67&))M" G(6>1'13,D&" &D1+$13,(7" (2"6&17"6\HW" +&D&+)" 2($758"
5&)>,3&" 1>>1'&73" &+&D13,(78" 3;13" 3;&'&" 0&'&" 7(" ),=7,2,*173" 5,22&'&7*&)" ,7" #.GK" 6\HW" +&D&+)"
%&30&&7"7&$'()>;&'&"175"6(7(+14&'"*$+3$'&5"*&++">(>$+13,(7)"-<,=$'&"!!G/M"C(3;"H&)3,7"-<,=$'&"
!!?/" 175" [*3" `" -<,=$'&" !!c/" 6&17" +&D&+)" 1+)(" );(0&5" 7(" ),=7,2,*173" *;17=&)" ,7" &^>'&)),(7"
%&30&&7"3;&"30(">(>$+13,(7)M"G(++&*3,D&+48"=,D&7"3;&"),6,+1',3,&)"%&30&&7"#.GK"6\HW"+&D&+)"175"
3;()&" (2" 3;&" )3&6A7&))" 61'E&')8" ,7" %(3;" >(>$+13,(7)8" 3;,)" )$>>('3)" 3;13" #$%&',7" +&D&+)" 614"
2+$*3$13&"%1)&5"(7"3;&")$%A)&3"(2"*&++)M"#;&)&"5131"7&&5"3("%&"'&>&13&5"3("1D(,5"($3+,&'"5131"175"
5&3&'6,7&")313,)3,*1+"'&+&D17*&M""
(
(
(
(
(
(
(
(
lo
g 1
0
R
Q
-N
es
tin
E)
lo
g 1
0
R
Q
-T
S
C
2
C)
lo
g 1
0
R
Q
-O
ct
4
D)
A) B)
N = 3N = 3
N = 3
!"#$%& '( ! "#
VK"
"
E3>1.6()W"+,-0"8GDE"?(*(?5"C&??&A"47&5("&C"H64Q"%)")(3$&5#7($(L63?43$('",=L,MNM"6(??5""
.N.gZg" 7&$'(%+1)3(61" *&++)8" >'&D,($)+4" ='(07" $75&'" )31751'5" >'&)*',%&5" *$+3$'&"
*(75,3,(7)8"0&'&")3,6$+13&5"3("2('6"7&$'()>;&'&)"2('"1>>'(^,613&+4"K"514)8"('"$73,+")$)>&75&5"
)>;&',*1+")3'$*3$'&)"0&'&"(%)&'D&5M"#YM;"S;1)&"*(73'1)3"6,*'(='1>;)8" 31E&7"13"`h" -#/"175"K:h"
-M/"61=7,2,*13,(78"K">1))1=&)"2(++(0,7="2('613,(7"-.*1+&"p"!"l6/M"!Y&;"n\#ASG\"171+4),)"01)"$)&5"
3(" *(6>1'&" 31'=&3" 6\HW" +&D&+)" %&30&&7" 7&$'()>;&'&A*$+3$'&5" *&++)" -H&$'()>;&'&/" 175"
6(7(+14&'A='(07" *&++)" -B(7(+14&'/8" *$+3$'&5" $75&'" ,5&73,*1+" *(75,3,(7)" 2('" 13" +&1)3" !K" ;($')"
>',('" 3(" 171+4),)M"6\HW" +&D&+)" 1'&" >'&)&73&5" 1)" 3;&" *1+*$+13&5"6&17" +(=!:" \n"D1+$&)" 2('"&1*;"
)16>+&" >(>$+13,(7" -gA1^,)/8" 0,3;" &''('" %1')" ,75,*13,7=" 3;&" )31751'5" &''('M" #1'=&3" 6\HW"
&^>'&)),(7" +&D&+)"0&'&" 7('61+,F&5" 3("PWS?N8" *1+,%'13&5" $),7="6(7(+14&'"6\HW" +&D&+)" 1)" 3;&"
,73&'71+"*1+,%'13('"175"1'&"'&>'&)&73&5",7"'&+13,(7"3("6(7(+14&'"+&D&+)M""HpLM""
(
(
(
(
(
(
(
(
(
lo
g 1
0
R
Q
-T
S
C
2
C)
lo
g 1
0
R
Q
-O
ct
4
D)
lo
g 1
0
R
Q
-N
es
tin
E)
A) B)
N = 3 N = 3
N = 3
!"#$%& '' ! "#
V`"
"
E3>1.6())(+,-0"8GDE"?(*(?5"C&??&A"47&5("&C"D(54%)"%)")(3$&5#7($(L63?43$('"GDOOP"6(??5"
( \HLLC"*&++)8"='(03;">'&D,($)+4"$75&'">'&)*',%&5"*$+3$'&"*(75,3,(7)8"0&'&")3,6$+13&5"3("
2('6" 7&$'()>;&'&)" 2('" 1>>'(^,613&+4" V" 514)8" ('" $73,+" )$)>&75&5" )>;&',*1+" )3'$*3$'&)" 0&'&"
(%)&'D&5M"#YM;"S;1)&"*(73'1)3"6,*'(='1>;)8"31E&7"13"K:h"-#/"175"`:h"-M/"61=7,2,*13,(7"-.*1+&"p"
:M!"l6/M"!Y&;"n\#ASG\"171+4),)"01)"$)&5"3("*(6>1'&"31'=&3"6\HW"+&D&+)"%&30&&7"7&$'()>;&'&A
*$+3$'&5" *&++)" -H&$'()>;&'&/" 175"6(7(+14&'A='(07"*&++)" -B(7(+14&'/8" *$+3$'&5"$75&'" ,5&73,*1+"
*(75,3,(7)" 2('"13" +&1)3"!K";($')">',('" 3("171+4),)M"6\HW" +&D&+)"1'&">'&)&73&5"1)" 3;&"*1+*$+13&5"
6&17"+(=!:"\n"D1+$&)"2('"&1*;")16>+&">(>$+13,(7"-gA1^,)/8"0,3;"&''('"%1')",75,*13,7="3;&")31751'5"
&''('M" #1'=&3"6\HW"&^>'&)),(7" +&D&+)"0&'&" 7('61+,F&5" 3("PWS?N8" *1+,%'13&5" $),7="6(7(+14&'"
6\HW"+&D&+)"1)"3;&",73&'71+"*1+,%'13('"175"1'&"'&>'&)&73&5",7"'&+13,(7"3("6(7(+14&'"+&D&+)M"HpLM""
(
(
(
(
(
(
(
(
(
VZ"
"
I*N4(%156.3,(6\H.6773/,(<,0(<2-3V3-?(96V697(.6K<3,(.69<-3V69?(2/,737-6,-(01.3,>(9<-6(6K5.?/,32(
<,0(H/7-Y,<-<9(06V69/HK6,-(
( #("&^16,7&"0;&3;&'"#$%&',7"+&D&+)"2+$*3$13&"5$',7="%)"*%*&"7&$'1+"5&D&+(>6&738"7&$'1+"
3,))$&)"0&'&";1'D&)3&5"2'(6"CWaCbG"6,*&"1*'())"1"5&D&+(>6&731+"3,6&"*($')&"&^3&75,7="2'(6"
&6%'4(7,*" 514" -cM?/" !R" 3(" >()37131+" 514" -SMH/" O:" -<,=$'&)" !KA!Z/M" #,))$&)"0&'&" )&*3,(7&5" 3("
,)(+13&" '&=,(7)"(2" 3;&"%'1,78" )>&*,2,*1++4" 3;&";,>>(*16>$)8"(+21*3('4"%$+%)8" *&'&%'1+" *('3&^"175"
*&'&%&++$68"E7(07"3("%&";,=;+4"7&$'(=&7,*"5$',7="+13&"&6%'4(7,*b&1'+4">()3A7131+"5&D&+(>6&73"
175" *(66(7+4" 122+,*3&5" 0,3;" #.A1))(*,13&5" +&),(7)" -c',E))(7" &3" 1+M" !OO98" S1=17(" &3" 1+M" K:::8"
#&6>+&"K::!8"B1'*(33&"J"G',7("K::R8"S(73,"&3"1+M"K::9/M"S'&D,($)"0('E";1)"5&6(7)3'13&5"3;13"
#$%&',7"175"N161'3,7"+&D&+)8"3("%&";,=;",7"3;&"*&'&%&++$6"13"c?!L"175"3;&"15$+3"%'1,7"-B$'3;4"
&3"1+M"K::!/M"U&)3&'7"%+(3"171+4),)"01)"*(75$*3&5"$),7="3;,)"&^>175&5"3,6&"*($')&"(2"&^3'1*3&5"
3,))$&)"3("&^16,7&"#$%&',7" +&D&+)"175">V:.RT">;()>;('4+13,(7" +&D&+)8"1)"17" ,75,*13('"(2"6#[\"
1*3,D,34M""
"U,3;,7"3;&";,>>(*16>$)8"#$%&',7">'(3&,7" +&D&+)"-<,=$'&"!KW"ʹ"S17&+"!/"5,5"7(3"5,)>+14"
),=7,2,*173" (D&'1++" *;17=&)" ,7" +&D&+)" 1*'())" 3;&" 5&D&+(>6&731+" *($')&" -<,=$'&" !KC/M" N(0&D&'8"
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Regression:
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T-Test:
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ANOVA (Change: Tuberin - p-p70S6K):
F(1,6) = 0.4180, p = 0.5283, ! = 0.05
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W*3,7"[?/"b"->V:.RT"[?"b"W*3,7"[?//M.313,)3,*1+"171+4)&)"0&'&"*(75$*3&5"1)"5&)*',%&5",7"<,=$'&"
!KM"(
(
(
(
(
(
(
(
9R"
"
I*P4(A673>,(<,0(2/,7-.12-3/,(/B(7='G#(H9<7K30(V62-/.7(B/.(3,(V3-./(d,/2d0/c,(/B(%8!F(
( [$'" (%)&'D13,(7)" 5&6(7)3'13,7=" 3;&" '&=$+13,(7" (2" #.GK" +&D&+)" 175" 1*3,D,34" 5$',7="
7&$'(71+"*&++"5&D&+(>6&73"%(3;" %)"*%4$&"175" %)"*%*&8"*($>+&5"0,3;">$%+,);&5"&D,5&7*&"($3+,7,7="
3;&" 5&2&*3)" ,7" 7&$'(71+" 5&D&+(>6&73" 175"6('>;(+(=4" 3;13" 1**(6>174" >&'3$'%13,(7)" ,7" #.GK"
&^>'&)),(78" )$==&)3" 3;13" #.GK" *($+5" >(3&73,1++4" >+14" 17" ,6>('3173" '(+&" ,7" 7&$'1+" *&++" 213&"
5&*,),(7)"-#1D1F(,&"&3"1+M"K::Z8"<+(',*&+"&3"1+M"K::V8"G;(,"&3"1+M"K::9/M"#("*(7*'&3&+4"155'&))"3;&"
'(+&"2('"#$%&',7" ,7"7&$'1+"5,22&'&73,13,(78");\HW">+1)6,5"D&*3(')8"5,'&*3&5"1=1,7)3"%(3;";$617"
175" '13" #.GK8" 0&'&" 5&),=7&5" 175" *(7)3'$*3&5" 3(" %&" $)&5" 2('" 3;&" >$'>()&)" (2" %)" *%4$&" =&7&"
E7(*E5(07")3$5,&)M"#;&)&"3((+)"0&'&"*(7)3'$*3&5"3("&+$*,513&"3;&"&))&73,1+,34"(2"#$%&',7">'(3&,7"
&^>'&)),(7" 3(" 7&$'1+" 5,22&'&73,13,(7" 175" *&++" 213&" 5&*,),(7)M" G(7)3'$*3&5" $3,+,F,7=" 3;&" >aC" 175"
>aT[M!");\HW"%1*E%(7&"D&*3(')8"3;&)&">+1)6,5)"0&'&"5&),=7&5"2('",73'(5$*3,(7",73("31'=&3"*&++)"
$3,+,F,7="+&73,D,'1+",72&*3,(7")4)3&6)M""
G(7)3'$*3,(7" (2" 3;&" >aC" %1)&5" D&*3(')" 01)" *(6>+&3&5" 3;'($=;" ,7)&'3,(7" (2" );\HW"
*1))&33&"(+,=(7$*+&(3,5&")&X$&7*&)"31'=&3&5"1=1,7)3"6$+3,>+&"'&=,(7)"1*'())",)(2('6"!"(2"3;&"'13"
#.GK"3'17)*',>3"-<,=$'&"!RW/M"#;&)&"(+,=()"0&'&",7)&'3&5"%&30&&7"3;&"N>1]"175"h;(]"'&)3',*3,(7"
),3&)"(2" 3;&">aC"*+(7,7=" ),3&" -<,=$'&"!RC/M"<(++(0,7=" +,=13,(78" 3;&"*(+(7,&)"0&'&")*'&&7&5"$),7="
>(+41*'4+16,5&" =&+" &+&*3'(>;('&),)" &^16,7,7=" ?HW" 2'1=6&73)" =&7&'13&5" 3;'($=;" 5,=&)3,(7" 13"
3;&" $7,X$&" '&)3',*3,(7" &7F46&" ),3&)" h%1]" 175" h;(]" -<,=$'&" !RG/M" d>(7" *(72,'613,(7" (2"
(+,=(7$*+&(3,5&",7*('>('13,(7"3;'($=;")*'&&7,7=8"3;&"'&)$+3173">+1)6,5"D&*3(')8">aCA#.GK);\HW"
DM!"b"DMK"175">aCA);\HWG(73'(+8"0&'&"1+)(" )&X$&7*&5" 3("D&',24" *(''&*3" ,7)&'3,(7"(2" 3;&");\HW"
*1))&33&")&X$&7*&)",73(">aC"-<,=$'&"!R?"J"c/M"a&73,D,'1+",72&*3,(7",73("\HLLC"*&++)"01)"3;&7"$)&5"
3(" *(72,'6" D&*3('" ,73&=',34" 175" &^>'&)),(78" 1)" ,75,*13&5" %4" (%)&'D13,(7" (2" &P<S" 2+$('&)*&7*&"
-<,=$'&"!R</M"
9V"
"
" G(7)3'$*3,(7" (2" 3;&" >aT[M!" ;$617" +&73,D,'1+" &^>'&)),(7" D&*3(')" 01)" *(75$*3&5" %4"
,7)&'3,7=" );\HW" *1))&33&" (+,=(7$*+&(3,5&" )&X$&7*&)" -<,=$'&" !VW/8" (',=,71++4" 5&),=7&5" 175"
D1+,513&5" 1)" >1'3" (2" 3;&"\HW," *(7)('3,$6" +,%'1'4M"[+,=()"0&'&" ,7)&'3&5" %&30&&7" 3;&" W=&]" 175"
c*(\]"'&)3',*3,(7"&7F46&"),3&)"-<,=$'&"!VC/M"<(++(0,7="+,=13,(7"(2"3;&"(+,=(7$*+&(3,5&")&X$&7*&)"
,73(" 3;&" >aT[M!" *+(7,7=" ),3&8" )&X$&7*,7=" (2" 3;&" >+1)6,5" D&*3('" 01)" $)&5" 3(" *(72,'6" *(''&*3"
,7*('>('13,(7"175"(',&7313,(7"(2"3;&");\HW"*1))&33&")&X$&7*&)M".$**&))2$+"=&7&'13,(7"(2"3;&)&"
>+1)6,5)" 0,++" %&" ,7D1+$1%+&" 3((+)" 2('" 3;&" 2$3$'&" 5&3&'6,713,(7" (2" 3;&" &))&73,1+,34" (2" #$%&',7"
5$',7="7&$'1+"*&++"213&"5&*,),(7)M""
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pLB
8831 bp
HpaI XhoI
pLB-
TSC2shRNA
v.1 /v.2
XhoIHpaI
pLB-shRNA
Control
XhoIHpaI
Double Digest
With HpaI / XhoI;
Remove 25bp
Fragment
pLB
8806 bp
XhoIHpaI
Ligate Oligos to
Backbone Using
T4 DNA Ligase
and PEG 6000
XhoIHpaI
Construct Rat TSC2-Directed
shRNA Oligonucleotides / Con-
trol Sequence
XhoIHpaI
pLB
8871 bp
Screen Products
via G.E. &
Sequencing
B)
A)
!"#$%&'()*+,- .
/012314 &513647 89$--':'%''-%%-'--:'-%::'%-%%'--:-:-%-:''-%:'%%:%--%::-:''$;9
+<=<1)< &513647 89$%':-::'%''-%%-'--:'-%::'%-%'%'%%:--%-:''-%:'%%:%--%::-:':%%$;9
!"#$%&'()*+,- (
/012314 &513647 89$--'::%:--%:'::''%'--'--%%%'--:-:--%%:%%:-::'':'-%%'-'''$;9
+<=<1)< &513647 89$%':-:::%:--%:'::''%'--'--%%'%'%%:---%%:%%:-::'':'-%%'-'':%%$;9
!"#$)*+,- '06510>
/012314 &513647 89$--':%''%::-:-%::''--'-%-%%'--:-:-%-%:%%::''-%'%''-::-''$;9
+<=<1)< )513647 89$%':-::%''%::-:-%::''--'-%-%'%'%%:--%-%:%%::''-%'%''-::-':%%$;9
!"#$%& '( $ ??
C)
pL
B
- T
SC
2s
hR
NA
v.1
pL
B
- T
SC
2s
hR
NA
v.2
pL
B
- s
hR
NA
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B
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e
501 bp
489 bp
404 bp
331 bp
242 bp
190 bp
111 bp
147 bp
~378 bp
~340 bp
D)
!"#$%& '( ! "#
E)
!"#$%& '( ! "#
F)
G)
!"#$%& '( ! "#
OK"
"
E3>1.6()P(9(5%:)"!)'"6?&)%):"&C"57GDE"*(64&$5"C&$"S)&6S'&A)"&C"$!4"+,-0"%)"*%4$&"
B$',7&" );\HW" D&*3(')"0&'&" %1)&5" (7" 3;&" 99L!" %>" >aC"6$',7&" &^>'&)),(7" %1*E%(7&8"
0;,*;" *(731,7)" 1" P'&&7" <+$('&)*&73" S'(3&,7" -&P<S/" '&>('3&'" =&7&" $75&'" 3;&" *(73'(+" (2" GBe"
>'(6(3&'M" #;( >aCA#.GK);\HW" DM!" 175" >aCA#.GK);\HW" DMK" 0&'&" *(7)3'$*3&5" $),7=" );\HW"
*1))&33&"(+,=(7$*+&(3,5&")&X$&7*&)"5&),=7&5"1=1,7)3"'13"#.GK",)(2('6"!M">aCA);\HWG(73'(+"01)"
*(7)3'$*3&5"$),7="1"7$*+&(3,5&")&X$&7*&"0;,*;"5(&)"7(3"613*;"3("'13"#.GK",)(2('6"!M"M;"G+(7,7="
(2"3;&">aC"D&*3(')"01)"*(75$*3&5"$),7="3;&"($3+,7&5")3'13&=4M"[+,=(7$*+&(3,5&")&X$&7*&)"0&'&"
+,=13&5" ,73(" 3;&" >aC" %1*E%(7&8" 0;,*;" ;15" >'&D,($)+4" %&&7" 5,=&)3&5" 13" ,3)" =#!>" 175" T7&>"
'&)3',*3,(7" ),3&)8" 3(" >'(5$*&" 3;&" *(6>+&3&5" D&*3(')M" !;" S(+41*'4+16,5&" =&+" )*'&&7,7=" 01)"
*(75$*3&5"3("*(72,'6",7*('>('13,(7"(2"3;&"5&),=7&5");\HW"*1))&33&"(+,=(7$*+&(3,5&)"0,3;,7"3;&"
>aC" *+(7,7=" ),3&M" .$**&))2$+" +,=13,(78" (%)&'D&5" 2('" >aCA#.GK);\HW" DM!bDMK" 175" >aCA);\HW"
G(73'(+8" ,)" ,75,*13&5"%4" 3;&" >'&)&7*&" (2" 1"?HW" 2'1=6&73" (2" 1>>'(^,613&+4" LV9%>" ,7" ),F&M" #;&"
713,D&" 2'1=6&738" +1*E,7=" 3;&" ,7)&'38" 2'(6"3;&">aC"%1*E%(7&" ,)">,*3$'&5"1)"1"*(73'(+M"A;(e&*3('"
61>"(2"3;&"*(7)3'$*3&5"*(73'(+">+1)6,5_">aCA);\HW"G(73'(+M"&;(e&*3('"61>)"(2"3;&"*(7)3'$*3&5"
>+1)6,5)_" >aCA#.GK);\HW" DM!" 175" >aCA#.GK);\HW" DM!M( E;" <+$('&)*&7*&"6,*'(='1>;)" >,*3$',7="
\HLLC"*&++)"13"`h"175"J;(K:h"2(++(0,7="3'17)2&*3,(7"0,3;">aCA#.GK);\HW"DM!M"-.*1+&"p"!"l6/M"""
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(
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!"#$%&'()*+,-./0 1%&
2345647 )84697: ;<'**==(=*(*0(*00*0==*0=((*(0*(*=0=(0=00*(=**(=((=0(=0=*='><
.?1?4,? )84697: ;<'00((*=*(*0(*00*0==*0=((*(0*(*=0=(0=00*(=**(=((=0(=0=*0'><
!"#$%&'()*+,-./0 1%+
2345647 )?@A?9B?: ;<'**==(*00(=0=(*0*0=(**(((=0*(*=0=(*000==0*(=(=0*(*0((=='><
.?1?4,? )?@A?9B?: ;<'00((**00(=0=(*0*0=(**(((=0*(*=0=(*000==0*(=(=0*(*0((=0'><
pLKO.1-
TSC2
7085 bp
AgeI EcoRI
pLKO.1-
TSC2shRNA
v.1 /v.2
EcoRIAgeI
Double Digest
With AgeI / EcoRI;
Remove 59bp
Fragment
pLKO.1
7026 bp
EcoRIAgeI
Ligate Oligos to
Backbone Using
T4 DNA Ligase
EcoRIAgeI
Construct Human
TSC2-Directed shRNA
Oligonucleotides
EcoRIAgeI
pLKO.1
7080 bp
Screen Products
via Sequencing
A)
B)
!"#$%& '( ' C>
C)
!"#$%& '( ! "#
OZ"
"
E3>1.6()R"9(5%:)"!)'"6?&)%):"&C"57GDE"*(64&$5"C&$"%)"*%4$&"S)&6S'&A)"&C"738!)"+,-0""
N$617" );\HW" D&*3(')" 0&'&" *(7)3'$*3&5" $),7=" 3;&" V:9Z" %>" >aT[M!A#.GK" ;$617"
&^>'&)),(7"%1*E%(7&8"0;,*;"*(731,7)"1"S$'(64*,7")&+&*3,(7"61'E&'"=&7&M"#;(>aT[M!A#.GK);\HW"
DM!" 175" >aT[M!A#.GK);\HW" DMK" 0&'&" *(7)3'$*3&5" $),7=" );\HW" *1))&33&" (+,=(7$*+&(3,5&"
)&X$&7*&)" (',=,71++4" 5&),=7&5" %4" .,=61AW+5',*;M"M;" G+(7,7=" (2" 3;&" >aC" D&*3(')"01)" *(75$*3&5"
$),7="3;&"($3+,7&5")3'13&=4M"[+,=(7$*+&(3,5&")&X$&7*&)"0&'&"+,=13&5",73("3;&">aT[M!"%1*E%(7&8"
0;,*;";15">'&D,($)+4"%&&7"5,=&)3&5"13",3)"E:(>"175"K6&G>"'&)3',*3,(7"),3&)8"3("'&6(D&"3;&"(',=,71+"
);\HW"*1))&33&M"!;(e&*3('"61>)"(2"3;&"*(7)3'$*3&5");\HW"175"*(73'(+">+1)6,5)M""
(
(
(
(
(
(
(
(
(
(
(
OR"
"
I*R4(%67-3,>(/B(2/,7-.12-60(%8!F(7='G#(H9<7K30(V62-/.7(
( #("&^16,7&" 3;&"&22&*3)"(2" #.GK"E7(*E5(07"(7"7&$'1+" *&++" 213&"5&*,),(7)8" 3&)3,7=" 3',1+)"
0&'&" *(75$*3&5" 3("D&',24" 3;&" ,73&=',34" 175" 2$7*3,(7"(2" 3;&" *(7)3'$*3&5">aC"175">aT[M!A%1)&5"
);\HW" ƉůĂƐŵŝĚ ǀĞĐƚŽƌƐ͘ ǀĂůƵĂƚŝŽŶ ŽĨ ĞĂĐŚ ƉůĂƐŵŝĚ͛Ɛ ĨƵŶĐƚŝŽŶĂů d^Ϯ ŬŶŽĐŬĚŽǁŶ ǁĞƌĞ
*(75$*3&5"$3,+,F,7=".NA.gZg"*&++)8"2('">aT[M!"%1)&5";$617"&^>'&)),(7"D&*3(')8"175"\HLLC"*&++)8"
2('"3;&">aCA%1)&5"6$',7&"&^>'&)),(7"D&*3(')"-<,=$'&"!9/M"
"]7,3,1+"E7(*E5(07"3',1+)"0&'&"133&6>3&5"$),7="?HW"3'17)2&*3,(7"6&3;(5)"-<,=$'&"!9W/M"
<('" 3;&)&" 3',1+)8" '&>&13&5" 3'17)2&*3,(7)" 0&'&" *(75$*3&58" ,75,D,5$1++4" $),7=" (7&" (2" 3;'&&"
3'17)2&*3,(7" '&1=&73)_" S(+4&3;4+&7&,6,7&" -Sc]/8" a,>(2&*316,7&" a#h"175"<$=&7&"N?M" #',1+)"0&'&"
*(75$*3&5"1*'())"6$+3,>+&"&^>&',6&73)" ,7"0;,*;" 3;&"X$173,3,&)b*(7*&73'13,(7)"(2" '&1=&73" 175"
?HW8"1)"0&++"1)"3;&"3'17)2&*3,(7"175">()3A3'17)2&*3,(7"'&*(D&'4"3,6&)8"0&'&"D1',&5M"W55,3,(71++48"
.NA.gZg" 3'17)2&*3,(7)" 0&'&" 1+)(" *(75$*3&5" $),7=" 3;&" *(66&'*,1++4" (%31,7&5" >aT[M!A#.GK"
-W55=&7&/" 175" >'&D,($)+4" *(7)3'$*3&5" >aT[M!A.*'16%+&5" D&*3(')M" U&)3&'7" %+(3" 171+4),)8"
2(++(0,7=" *(++&*3,(7" (2" >'(3&,7" +4)13&)8" 21,+&5" 3(" *(7),)3&73+4" 5,)>+14" ),=7,2,*173" E7(*E5(07" ,7"
#$%&',7"+&D&+)8"0;&7"*(6>1'&5"3("*(73'(+)">'&>1'&5"2'(6"*&++)"='(07"$75&'"7('61+"175")&'$6A
)31'D&5"*$+3$'&"*(75,3,(7)" -<,=$'&"!9C/M"<('" 3;&">aT[M!"D&*3(')8"155,3,(71+"133&6>3)"0&'&"1+)("
615&" 3(" D,)$1+,F&" E7(*E5(07" $),7=" )&',1+" 3'17)2&*3,(7" (2" .NA.gZg" *&++)" &*3(>,*1++4" &^>'&)),7="
#.GK8" 3;'($=;"3'17)2&*3,(7"0,3;"3;&">GBeA#.GK"6+$A"61661+,17"&^>'&)),(7"D&*3('M"N(0&D&'8"
3;&)&" 133&6>3)" 0&'&" $7)$**&))2$+" 5$&" 3(" *&++" 5&13;8" $>(7" )&',1+" 3'17)2&*3,(7" 0,3;" >aT[M!A
#.GKb>aT[M!A#.GK);\HW"DM!bDMK8"('"+())"(2"(D&'&^>'&)),(7">',('"3("0&)3&'7"%+(33,7=M"
G(7*$''&73"0,3;"3;&"3'17)2&*3,(7"3',1+)8"+&73,D,'1+",72&*3,(7"3',1+)"0&'&"1+)("*(75$*3&5"3("
5&3&'6,7&" 3;&" 2$7*3,(71+" E7(*E5(07" 1%,+,34" (2" 3;&" 5&),=7&5" >+1)6,5" D&*3(')" -<,=$'&" !9W/M"
]72&*3,(7)"0&'&" *1'',&5"($38" ,7" .NA.gZg" 175" \HLLC" *&++)8" $),7=" e.eAP" >)&$5(34>&5" +&73,D,'$)8"
OV"
"
>'&>1'&5"1)"($3+,7&5",7"B&3;(5)"175"B13&',1+)"175"*(731,7,7="&1*;"(2"3;&"2(++(0,7=">+1)6,5)_"
>aT[M!A#.GK8">aT[M!A.*'16%+&58">aT[M!A#.GK);\HW"DM!8">aT[M!A#.GK);\HW"DMK"-.NA.gZg/I">aCA
#.GK);\HW" DM!8" >aCA#.GK);\HW" DMK8" >aCA);\HW"G(73'(+" -\HLLC/M" W)" ,7" 3;&" 3'17)2&*3,(7" 3',1+)8"
)&D&'1+" &^>&',6&73)" 0&'&" *(75$*3&58" $3,+,F,7=" D1',13,(7" ,7" 3;&"6$+3,>+,*,34" (2" ,72&*3,(7" -B[]/8"
,72&*3,(7"3,6&"175">()3A,72&*3,(7"'&*(D&'4"3,6&",7"('5&'"3("D,)$1+,F&"3;&"E7(*E5(07"(2"#$%&',7"
2'(6"&75(=&7($)" +&D&+)" 3;'($=;"0&)3&'7"%+(3" 171+4),)" -<,=$'&" !9W/M"U,3;,7" 3;&" .NA.gZg" *&++)8"
,72&*3,(7"3',1+)"21,+&5"3(">'(='&))"3("0&)3&'7"%+(3"171+4),)8"1)"0,5&)>'&15"*&++"5&13;"01)"2($75"3("
(**$'"5$',7=">()3A,72&*3,(7">$'(64*,7" )&+&*3,(7" -<,=$'&"!9C/M"#;($=;" 2&0"*&++)"0&'&"7(3&58" ,7"
)(6&" *1)&)8" 3(" 1>>&1'" D,1%+&" 2(++(0,7=" >$'(64*,7" )&+&*3,(78" 3;&4" 21,+&5" 3(" >'(+,2&'13&" 175"
)$%)&X$&73+4" 5,&5M" \HLLC" ,72&*3,(7)8" ;(0&D&'8" 4,&+5&5"6('&" &7*($'1=,7=" '&)$+3)8" 1)" 3;&" D1)3"
61Q(',34" (2" *&++)" )$'D,D&5" 3;&" ,72&*3,(7" >'(*&))8" 4,&+5,7=" 17" 1D&'1=&" 3'17)2&*3,(7" &22,*,&7*4" (2"
1>>'(^,613&+4"R:Y8"6&1)$'&5"3;'($=;">'(>('3,(71+"&P<S"2+$('&)*&7*&"-<,=$'&"!9C/M"W71+4),)"(2"
>'(3&,7"+&D&+)8"3;'($=;",66$7(%+(33,7=8"175"6\HW"+&D&+)8"3;'($=;"n\#ASG\8";(0&D&'8"21,+&5"3("
,75,*13&"*(7),)3&73+4"),=7,2,*173"'&5$*3,(7)",7"#.GK"&^>'&)),(7M""
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Transfection
/Infection
B
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Post-Treatm
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Screening
!"#$%& '( ! "#
OO"
"
E3>1.6()T(+(54%):"!)'"4$&3<?(57&&4%):"&C"#UP"!)'"#UVHI."+,-0"57GDE"#?!58%'"*(64&$5"
" #&)3,7="(2">aC"175">aT[M!">+1)6,5"D&*3(')"01)"3;'($=;"%(3;")31751'5"3'17)2&*3,(7"175"
+&73,D,'1+" ,72&*3,(7"6&3;(5)M" #'17)2&*3,(7"('" ,72&*3,(7" *(75,3,(7)8" ,7*+$5,7=" '&1=&73"$)&58"?HW"
16($73bB[]8"*$+3$'&"),F&8"'&1=&73"*(7*&73'13,(78"175",7*$%13,(7b'&*(D&'4">&',(5)"1'&",75,*13&5"
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